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PLAN  MELBOURNE SUBMISSION 3 (REFRESH) 

        17/12/2015 

INTRODUCTION 

Submission 1 was a Concept paper submitted as a concept for future development of Melbourne, 

which could be incorporated into Plan Melbourne 2014. Submission 2 was essentially a critique of 

Plan Melbourne 2014, and was submitted in December 2013. The Concept Paper presented a 

practical method of catering for future development of not only Melbourne but all of Victoria, a 

method which circumvents the urban sprawl’s haphazard , inefficient and costly model of 

urbanisation, with an orderly, cost efficient, energy efficient, environmentally benign method of 

urbanisation which caters for development past 2050 into the next century and beyond.  

This submission, Submission 3 (Refresh), re-presents Submissions 1 and 2, and emphasises salient 

points especially in regard to strategy of urbanisation, and energy and the environment, which have 

become major concerns in recent times, and are placing greater demands on governments. Another 

area of concern is the availability of fresh food in Melbourne as it develops to accommodate over 7 

million people by 2050. This matter was raised in previous submissions, but new research shows that 

it is a matter of real concern which should be addressed as strategic planning for the city is 

considered. 

Submission 3 (Refresh) includes the following  attachments :- 

1. Submission 1 – Concept Paper entitled ‘Managed Urbanisation – Expanding Nodular 

Development (END) 

2. Summary of Submission 1 

3. Submission 2 

4. Weekly Times article ‘Sprawling Threat to future Melbourne’s Food Supply’ 

5. Engineers Australia article ‘Big ideas are needed to break the cycle of urban sprawl’ by Frank 

Reale 

URBANISATION STRATEGY 

The mode of urbanisation for Melbourne, and indeed for most Australian cities has been ‘urban 

sprawl’.  As discussed in the Concept Paper, urban sprawl is expensive in terms of infrastructure 

which must be continually upgraded to cater for ever expanding needs. Roads, water supplies, waste 

services, electrical supplies etc which were adequate at the time of design, become inadequate ten 

to twenty years later, and must be upgraded, generally at great cost to acquire land and to increase 

capacity.  As infrastructure costs increase, housing affordability decreases and this is now a major 

problem in Australian cities, generally requiring two income families to service a mortgage and pay 

living expenses. 

The most impacting result of urban sprawl is congestion. For Melbourne, a study made by the 

Commonwealth Department of Transport and Regional Services shows that by 2020, the cost of 

congestion to the community will be over $6 billion per year in loss of time, extra vehicle operating 

costs and extra air pollution abatement costs. And this figure does not include implementation costs 

of alleviation measures such as road and freeway construction, traffic accidents and additional 
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health care costs due to stress and air pollution.  If health costs are included, the annual cost of 

congestion for Melbourne is estimated to be $7.5 billion by 2021. One of the easily perceived 

adverse effects of congestion is mean travel time to work. In Melbourne anecdotal evidence 

indicates that on average, it is about one hour, leading to a loss of about two hours per day for each 

worker, as well as producing a great deal of stress, which often spills over into the work place and 

family and social life. 

Urbanisation strategy should consider the development of regional Victoria. At present regional 

Victoria is not expanding at the same rate as Melbourne and is actually reducing relative to 

Melbourne. In 2010 the rise in population in regional Victoria was 1.4%, while for Victoria as a whole 

it was 1.8%. The Melbourne rate of population increase is about 2%. This shows there is a net drain 

into Melbourne from the regions. Because of the larger population base, (73.5% of Victorians live in 

Melbourne), migration from interstate and overseas, and the drain from the regions, the population 

of Melbourne is increasing at about four times the rate of that of regional Victoria. This trend will 

not change unless economic drivers exerting a modifying influence are put into place. At present 

there are no such drivers, and people will move to wherever job opportunities exist, which are 

predominantly  in Melbourne. 

An alternative to urban sprawl is what I have termed in the Concept Paper ‘Expanding Nodular 

Development’ or END. The basic idea of this development mode is to build successive waves of new 

compact satellite cities around the major city Melbourne, absorbing  growth which would otherwise 

go into urban sprawl. The new zoning of land in Melbourne would be stopped, and instead new 

zoning would occur in the END cities. As discussed in the Concept Paper, separation of cities and 

waves of cities would be 30-150 km, far enough to ensure separate identities, but close enough to 

facilitate support and easy transfer of resources during development stages. END cities would be 

planned for an approximate maximum population, depending on the economic potential of the 

region in which they are located. They would be located in the proximity of existing small ‘seed’ 

towns which would provide initial labour and facilities to build them. END cities should be 

economically and socially self sustaining, and ideally would be from about 100,000 to 700,000 in 

size. Refer to Sections 1 and 2 of the Concept Paper for a more complete discussion on END cities. 

ENERGY AND THE ENVIRONMENT 

Over the past 20 years, the issue of Green House Gas (GHG) emissions has become a major one, over 

concern with global warming and climate change. At the recent international Paris talks associated 

with Climate Conference COP21, there has been agreement that all nations should reduce emissions 

to prevent global warming greater than 2⁰C and preferably 1.5⁰C. Australia has committed to 

reducing emissions by 26 - 28% over 2005 levels by 2030. This will be an onerous task, and will 

require innovative methods to reach this level. 

The major cause of GHG emissions is the burning of fossil fuels, and as shown in Plan Melbourne 

2014, 34% of emissions result from the generation of electricity, while 23% are due to direct 

combustion in heating and industrial process. A major feature of the END model is the distribution of 

waste heat from the electrical generation process, through a process known as co-generation. This is 

commonly used in Europe and the US and could replace the present practice of burning gas directly 

for heating and process. Thus there could be a reduction of about 25% of overall emissions, taking 

into account the higher efficiency of generation of Combined Cycle Gas Turbine (CCGT) technology, 
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and reduction of electrical transmission losses resulting from generation taking place close to point 

of use as in the END model, rather than remotely as is current practice. CCGT is fairly common and 

has an electrical efficiency of 50-55%, as opposed to conventional generation of about 35%. CCGT 

generation utilizes both a gas turbine (which drives an electrical generator),  and a steam turbine 

where the exhaust from the gas turbine heats a boiler to generate steam which then supplies a 

steam turbine for additional electrical generation. The steam exhaust from the steam turbine is then 

used to heat water for thermal distribution to the END city. If the nature of the compact cities with 

reduced travel and transport requirements is considered, overall emissions could be reduced by the 

order of 40%. This is a very significant reduction and would contribute greatly to Australian emission 

reduction obligations. Refer to Section 4 of the Concept Paper for a more complete discussion of 

energy usage and electrical generation. 

Whilst renewable energy is the most benign from an environmental perspective, its large scale use 

at this stage is not practical. At present in Australia, about 13% of electrical energy consumed is from 

renewable sources, but most of it comes from hydro or bio sources (wood and bagasse). Hence the 

contribution by wind and solar is only about 3% of total electrical energy consumption. The major 

problem with renewables (wind and solar), is the variability of the energy source; unless some form 

of low cost storage becomes available, renewables are destined to remain minor players in the 

energy market. In Victoria, the variability of wind energy is such that AEMO, the energy regulator will 

accept only 8% of installed wind generator capacity as available supply. This means that 92% of 

installed capacity must be backed up with fossil fired plant. In addition, the cost of wind plant is 

more than double that of good quality base load gas fired plant. For these reasons, renewable 

energy use is limited, and if better efficiency of utilization of fossil fuels and reduction of GHG are 

sought, then other technologies must be used. 

The adoption of the END model with large scale co-generation, offers such a technology, and paves 

the way for more renewable energy derived from wind and solar. As mentioned above, the END 

model utilizes CCGT electrical generation. A feature of gas turbine generators is that they can pick up 

and drop loads very quickly, as opposed to conventional coal or gas burning steam plant. Hence if 

wind generators reduce output due to rapid drop in wind velocity, the CCGT plant can pick up the 

load rapidly. Conversely, if wind velocity increases, the plant can reduce electrical load, and because 

of the high thermal inertia of the hot water distribution systems, heat can still be supplied to 

consumers for extended periods of time. 

Another feature of the END model is that the electrical plant is fuelled by gas. Victoria has large 

reserves of brown coal, which though poor as far as GHG are concerned if burned directly, can be 

converted to gas. A considerable amount of research is being carried out on this and fairly large 

plants have been built in the order of 500MW electrical capacity. The plants utilize a combined cycle 

similar to the type described above and proposed in the Concept Paper, and are designated as 

Integrated Gasification Combined Cycle (IGCC) plants. These plants incorporate gasifiers to convert 

coal to syngas, a combination of carbon monoxide and hydrogen. The syngas is then burned in the 

gas turbine, and the exhaust used to provide steam in a similar way to the CCGT plant. The 

considerable advantage of the IGCC plant is that carbon dioxide produced by combustion is diluted 

by nitrogen to a lesser extent than in the normal combustion of coal and can be easily separated and 

sequestered. In END cities, pulverised coal could be transported to them by rail and then burned in 

the IGCC plants. Efficiencies of generation would be very high in the order of 50-55%, and carbon 
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dioxide could be easily separated and sequestered. If green houses are used in the END city, the 

carbon dioxide can be used at least in part to enrich their atmosphere for increased crop yields, 

while at the same time reducing GHG emissions. Theoretically, if enough green houses were to be 

provides, there could be net zero emissions. 

Another way in which the END model could facilitate the use of renewables is through the use of 

excess wind or solar energy to generate hydrogen through the electrolysis of water. The hydrogen 

gas could then be converted to methane using hydrogen and carbon dioxide in the Sabatier process.   

Natural gas is composed principally of methane, therefore the methane produced can be injected 

directly into the existing gas pipeline to supply the END cities. The process is carbon neutral since the 

carbon required to produce the methane would come from the atmosphere, and it would be 

returned to the atmosphere in the combustion process. Converting the hydrogen to methane 

circumvents the problem of hydrogen embrittlement of steel. It also avoids safety problems with the 

leakage of hydrogen which is very flammable with a wide explosive range of hydrogen/air mix. The 

pipework system itself will act as a storage device, but more storage can be obtained by injection 

into depleted underground natural gas basins as is presently done at Iona on the south west 

Victorian coast, or by building gasometers, large gas holding tanks which were once used to store 

town gas. The Sabatier process may require more research for it to be commercially viable. 

END cities would facilitate the utilization of energy from solid waste and the anaerobic digestion of 

sewerage sediment. These energy sources are usually not utilized, but with the advent of advanced 

waste technologies (AWT) significant amounts of energy can be gained thereby reducing the need to 

burn fossil fuels. Solid waste generation is increasing at the rate of about 6% per year, and is 

presenting disposal problems such as contamination of ground water, odour, pests and fire hazards 

in landfills, as well as generating significant quantities of GHG. These problems must be addressed, 

and END cities would be able to offer planned solutions. Refer to Section 4 subsection 4.4 for more 

discussion on the handling of wastes. 

The END model enables a distributed electrical generation system to be implemented. This reduces 

transmission and distribution losses which are approximately 5% of generation, and increases the 

reliability of the system. In addition the END model facilitates the retirement of ageing coal fired 

power stations such as Hazelwood. New efficient, low polluting CCGT or IGCC plants can be built at 

the End cities before old plant is retired, to help serve the complete system. 

 

WATER, STORM WATER, IRRIGATION AND WASTEWATER 

The adoption of the END model enables much greater use of scarce water resources. Because an 

END city must be planned and build on essentially greenfield sites, provision can be made for grey 

water recycling, storm water harvesting, and water conservation, all of which reduce impact on the 

environment, especially rivers and streams. As Australia’s population increases there will be ever 

increasing demands on our water supplies, and this should be addressed as soon as possible to avoid 

the deterioration of rivers and streams with accompanying damage to wildlife. 
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Wastewater is a resource which is mostly being wasted. It contains an abundance of nutrients which 

are mainly disposed of in ocean outfalls. The END model plans for wastewater to be biologically 

treated so that nutrients can be harvested and utilised to produce animal food and fertilisers. For a 

more complete discussion of water usage, refer to Section 3 of the Concept Paper. 

EMPLOYMENT AND THE ECONOMY 

The underlying premise of the END model is that people live where they work. Hence it is important 

to create jobs which will support large communities. One of the ‘kickstarter’ industries for END cities 

is the horticulture industry. In Victoria large deficits in horticultural products are predicted by 2030. 

A recent (December 2015) report entitled ‘Melbourne Foodbowl Now and at Seven Million’ by VEIL 

(Victorian Eco Innovation Lab) in conjunction with Melbourne University and the CSIRO shows that 

Melbourne’s foodbowl now supplies 41 per cent of all fresh fruit and vegetables to the city, but this 

is expected to drop to 18 per cent by the time the city’s population reaches seven million people in 

2050.  This is due to urban development encroaching on prime agricultural land. A summary of the 

report is given by the Weekly Times and is included as part of this submission. END cities with 

abundant supplies of low cost energy would be ideal for the establishment of green houses which 

can be heated with this energy. The potential for heating can provide green house capacity much 

greater than the cities would need for their own consumption, thus enabling the supply deficit to be 

overhauled and food made available for export. Much of the produce would be processed, and again 

the availability of abundant low cost energy facilitates this. The abundance of irrigation water 

brought about by stormwater collection and waste water recycling would allow general agriculture 

and intensive farming such as animal husbandry including piggeries and poultry, to prosper. The 

recycling of nutrients from waste water to animal fodder through biological treatment is a further 

resource which can be exploited for industries such as poultry and pig farming to assist in 

establishing and growing them. Low cost energy also helps establish aquaculture to provide high 

quality protein for local and export markets. Aquaculture can be operated symbiotically with green 

houses, with plants purifying the water polluted with fish waste, and so gaining valuable nutrients. 

Low cost energy and abundant water facilitate the establishment of industries generally, especially 

those which are energy intensive such as milk and dairy products, textiles, general food processing, 

and the chemical and pharmaceutical industries. If IGCC technology is used to produce energy, by-

products from the gasification process provide feed stock for chemical industries, thus encouraging 

their establishment. All of the above industries are excellent candidates for the generation of jobs, 

and once a small number of businesses are established in a ‘seed’ community, a small established 

town, more would follow. The multiplier effect of primary jobs in agriculture and manufacturing 

would quickly generate more jobs as retailing, health, financial, building and educational services are 

needed. The multiplier effect is about 7.5, i.e. for every primary/secondary job created, 6.5 other 

jobs are created in service industries. Refer to Section 3 Sub-section 3.11 for a more complete 

discussion of this. Sub-section 3.11 shows a multiplier effect of about 8.5 as this was obtained using 

older 2011 figures. 

An essential requirement for the establishment of an END city is an energy source. Hence it would 

be necessary for power authorities to build the first module of a power supply and thermal 

distribution system in conformance with power and energy forecasts. Investment in power 

generation must be made somewhere in the States in any case, in order to secure future energy 
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supplies  – they would simply be made in accordance with the END model program as established by 

State planning authorities. 

Because the END city concept is efficient in the use of resources and greatly reduces waste both in 

resources such as water, energy, and nutrients, and money such as in infrastructure, health, and 

congestion costs, the overall economy must be positively impacted by their establishment. Goods 

and services costs would decrease and Australian competitiveness in international markets would be 

bolstered, enabling an increase in exports which further energises the economy. 

One of the reasons for the congestion produced in major Australian cities, is the daily commuting of 

workers from outlying areas into the CBD. A recent study released by the Grattan Institute found 

that while 60% of all job growth was occurring within 10km of the CBD, population growth within 

that zone was only 30% of total. In contrast, the zone 20km and beyond from the CBD supported 

only 25% of job growth, but 55% of population growth, due largely to the availability of affordable 

housing. As a result of this, more than 50% of people are moving to the outer suburbs, 20km or 

more from the CBD. The trend is making the car the only viable means of travel to work for a large 

proportion of the population, and is the main reason for the high congestion on our roads. Travel 

times are 20% longer than they were a decade ago. 

The heart of the congestion problem lies in the fact that people do not live where they work. The 

major reason for this is that Australia including Victoria is becoming more and more a service 

economy, employing knowledge workers typically concentrated in CBDs. ABS data shows that 

between 2008 and 2013, the total growth of the labour market was 8.7%, in line with overall 

population growth. However, employment on most primary and secondary industries actually fell, 

while tertiary industries grew more strongly. Yet primary and secondary industries are vital to 

support tertiary industry. In 2013, the ratio of primary (AF&F + Mining) plus manufacturing jobs to all 

jobs was 7.44:1 i.e. the multiplier effect of primary and secondary jobs was 6.44. Without the 

industry to support these jobs, the economy will simply plateau out and not expand. A casualty of 

this progression to tertiary jobs is youth employment. Youth unemployment stands at 27.2% for 15-

19 year olds, a highly unsatisfactory figure, which together with an aging population which requires 

greater productivity per worker, is of major concern. 

The END model addresses the congestion problem through the limitation of city size and the 

establishment of a multitude of compact satellite cities which would be planned for a maximum 

population, and with adequate roads and public transport. The compact nature of END cities, will 

reduce need for transport because of shorter distances. The END model addresses the employment 

problem by providing jobs through the creation of primary and secondary industry. The 

development of these industries would create job opportunities for unskilled, semi-skilled and skilled 

labour, thus opening up an area for workers who are not suited or inclined towards tertiary 

occupations, but who nevertheless still require jobs. For a more complete discussion on employment 

and the economy, refer to my article published by Engineers Australia entitled ‘Big Ideas are Needed 

to Break the Cycle of Urban Sprawl’. This article is included as part of this Submission. 

PLAN MELBOURNE AND END CITIES 

Generally the ideas expressed in Plan Melbourne are good. However the plan does nothing to 

address the long term systemic problems associated with urban sprawl, congestion, rising 
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infrastructure costs, housing affordability and changing employment patterns. Plan Melbourne 

places an urban boundary around the city, and that is good. But once population reaches about 8 

million in 2051, what then? The only possibilities are that the boundary will be extended, and that 

green wedge land will be encroached upon. The cycle of urban sprawl will continue with ever 

increasing costs and congestion and decreasing liveability and quality of life for Melburnians. 

What is needed is a new approach to urbanisation, one that recognises the serious limitations of 

urban sprawl, and opens the way to efficiency of resource use, liveability, economic opportunity and 

environmental enhancement. The END model satisfies these requirements, and the time is 

opportune to implement it. There is no reason why the proposed activity centres located 

approximately 40 km from the city at Toolern and Lockerbie could not become satellite cities 

according to the END model. These were proposed in a similar location in Submission 2 at Little River 

and Wallan, but exact location would be dependent on detailed local surveys and the potential of 

the areas.  A third was proposed to the east in the Longwarry/Drouin area about 70 km from 

Melbourne.  These three locations could form the first wave of the nodular expansion. If Melbourne 

population is to be held to between 5 and 6 million by 2050, these three proposed END cities would 

have a population of about 700,000 each. 

It was proposed in Submission 2 that a pilot plant be built at or near Lockerbie to gain experience in 

design, construction and administration of END cities. This pilot could be the first stage of a full 

development. Of course, more than three cities could be built, and more than one pilot stage could 

be built, but a start should be made on at least one. Refer to Submission 2 for more discussion on 

Regional development, END city locations and pilot stages. 

If the urban sprawl cycle is to be broken, now is the time to begin serious planning.  

IN CONCLUSION 

The adoption of expanding nodular development as proposed in the Concept Paper is not ‘rocket 

science’. It requires good planning, good engineering, good governance and good management to 

facilitate its implementation. As a nation we are good at these things. There are no extra costs to the 

community, in fact there are very substantial savings. Buildings need to be built, power stations 

need to be provided, as do water, sewerage and waste management services. Why not provide them 

in an efficient low cost way rather than in traditional development? Once the pattern that the 

Concept Paper proposes is established, its benefits to our city, State and nation will be enormous. 

Developments in recent times have placed economic and societal pressures on Australia. The COP21 

emission agreement that Australia has negotiated will require effective and innovative ways to 

reduce emissions. As overseas tensions increase with the advent of international terrorism, Australia 

will be admitting increasing numbers of refugees. World demand for commodities such as coal and 

iron ore is reducing and causing Australia to reduce reliance on them and turn to alternative streams 

of revenue. Australia’s population is ageing, and youth unemployment is high. All of these matters 

need to be addressed, and the END model does just that. On the positive side, Australia has entered 

into free trade agreements with Japan, China and Korea, as well as entering the Trans Pacific 

Partnership (TTP) agreement. All of these offer huge opportunities for Australia in general and 

Victoria in particular. As Asia develops, its demand for good quality food products will increase 

exponentially, and if Australia can overcome its water shortages and reduce costs by innovative 
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technology and reducing waste, it will prosper as export markets open up. The END model facilitates 

food production enormously, enabling Australia to become a food bowl for the world. 

The shift to de-centralised urban development as offered by the END model does not require new 

technologies; it is immanently doable. We have the ‘hands on’ skills – the knowhow, and the 

management and governance skills. We have the land, the sunshine and fresh air. What we need 

now in addition, is the political will to take a bold step, and to ‘think outside the box’. The Prime 

Minister talks about innovation as being the new currency for the future. The END model is 

innovative, and certainly its adoption can set the path, clear the way, for a future of economic 

prosperity. The time to do it is now, as we plan the future of our great city and State. The time has 

come to adopt big ideas, and to advance confidently into the future. 

 

Frank Reale 

I7/12/2015 

 

 

 

 

 

 

 

 

 

 

 

 



PLAN  MELBOURNE  SUBMISSION 2 

         06/12/2013 

INTRODUCTION 

The Plan Melbourne document is quite comprehensive for which it is to be commended as are the 

10 Principles stated in the Minister’s Foreword, on which it is based. In developing the Government’s 

overall strategy for the development of Melbourne and the State of Victoria, these Principles are 

bedrock. With innovative ideas, using these Principles, a sound long term strategy can be 

formulated, and the proposed strategy to some extent does this. It is my view however, that a more 

basic and fundamental approach to strategy needs to be taken, one which addresses not only the 

distribution of development in the next 40 years, but to the end of the century and beyond, 

distribution which is sustainable, simple in concept, economical and do-able. We need a truly long 

term strategy, one which not only satisfies this generation’s needs, but also those of our children 

and grandchildren. We must not leave them a legacy of problems and high costs, a legacy they will 

not thank us for, especially in the context of an aging population, where fewer workers will have to 

do more in an expanding populous. Under these circumstances, efficiency of development is 

paramount – wastage of natural resources such as energy, water and land, and of human endeavour 

in the erection of structures and infrastructure, must be avoided at all costs. Further to the issue of 

an expanding population is the question of immigration. In the light of the existing instability in 

many regions of the world, there will undoubtedly be increasing pressures on Australia to accept 

more migrants and refugees. Our urban planning strategies must be able to cope with this in an 

orderly and sustainable way. This forced migration could be a blessing both economically and 

demographically, provided we have the fundamentally sound strategies to deal with it. 

The way to ensure that urbanisation occurs efficiently, sustainably and pleasantly, is to manage it in 

both the macro and micro spheres. My first submission for the Plan Melbourne strategy 

development, a Concept Paper entitled “Managed Urbanisation – Expanding Nodular Development” 

presents a methodology to do just that. Whilst Plan Melbourne is in accordance with some 

suggestions made in the Concept Paper, (e.g. drawing an urban boundary for the Metropolitan area), 

it does not address adequately certain crucial issues such as the growth of Regional Victoria, the 

creation of jobs and the provision of energy, water and waste services in an environmentally benign 

way. Following these preliminary observations, I will discuss Plan Melbourne in some of the areas it 

has covered. 

POPULATION TRENDS 

According to the Australian Bureau of Statistics, the Melbourne population in 2012 was 4.18 million 

and growth rate was 1.8%. If this growth rate were to continue, the population by the year 2100 

would be about 20 million. Clearly, planning to 2050, when according to Plan Melbourne it would be 

6.5 million (but about 8 million by the ABS figures), is inadequate. Even by 2070, which is easily 

within the lifespan of the average present day newborn, the population would be nearly 12 million. 

Plan Melbourne caters for only about half of this. Clearly, if Melbournians are to enjoy the lifestyle 

they are accustomed to as residents of the world’s most liveable city, then a new approach is 

required. These figures show that our children and grandchildren will bear the cost of inadequate 

and short-sighted strategic planning. 



EMPLOYMENT OPPORTUNITIES 

Plan Melbourne under ‘What Melbournians Said’ states the emergent themes gleaned from public 

discussion. One of these is that employment opportunities should be decentralised to create more 

local jobs. Under ‘9 Strategic Principles’ the principles related to this request are Principle 6 – ‘A 

polycentric city linked to regional cities’, and Principle 7 –‘Living locally – a 20 minute city’. Both of 

these are commendable. A 20 minute city would certainly generate jobs in education, health, 

finance and retail, assuming that the community is wealthy enough to afford these conveniences in 

close proximity. But it would do little for wealth generating enterprises which are mainly in the 

primary and manufacturing sectors. The same can be said for Principle 6. Polycentric clusters could 

make for more efficient travel if residential areas are located near to places of employment. But they 

do not of themselves create employment other than in service type industries such as knowledge 

based, health, retail and financial. Service based industries can thrive only if there is an abundance 

of primary and manufacturing industry which create new wealth rather than redistribute existing 

wealth. A multiplier effect of more than 8 links primary and manufacturing employment to service 

type employment, according to Agricultural Commodity Statistics 2011. Refer to Concept Paper sub-

section 3.11 for discussion on this. Thus, for continuing prosperity in the community, there is a 

fundamental requirement for primary and manufacturing industry to be in it. Plan Melbourne speaks 

to service industry, but very little to primary and manufacturing industry, which is ultimately the 

source of most employment through the multiplier effect. A strategy and methodology is required to 

generate primary and manufacturing jobs. 

THE INTEGRATED ECONOMIC TRIANGLE 

The concept of the economic triangle is commendable, in that it provides good connectivity to 

existing activity centres in Melbourne and to regional Victoria in the east, north and west. The 

proposed East-West link connecting the eastern and western suburbs, the NE link connecting the 

eastern Freeway to the Hume through the M80 Ring Road, and the Outer Metropolitan Ring Road 

connecting Geelong to the Hume corridor, will improve traffic and freight flows considerably. The 

proposed rail connections from the Hume corridor to the west, and the rail link between Sunbury 

and Dandenong and on to Hastings will also facilitate freight movements to the ports of Melbourne 

and Hastings. 

CITY STRUCTURE 

Map 9 of Plan Melbourne gives estimated growth in all subregions to 2050. The Central and Western 

subregions will have the highest growth with 97% to 94% respectively. The Northern subregion 

growth will be 84%, the Southern 60% and the Eastern with 34% will have the lowest growth. All 

growths are substantial, especially those of the Central, Western and Northern subregions. 

From congestion and accessibility viewpoints, these large increases are problematic. Already travel 

times from many housing developments in growth corridors at morning peaks are long and stressful. 

Railway station parking is generally inadequate, leading to illegal parking, or forcing commuters to 

walk long distances. 

On the question of providing power, water and waste services to cater for these large increases, Plan 

Melbourne has little to say. Undoubtedly these services can be provided, but at what cost? At a time 



when affordability of housing and ongoing costs of services are major issues, increasing the 

population in the subregions as indicated in Plan Melbourne is a retrograde step. Surely logic would 

call for only modest increases in the subregions, in the order of 20%, this increase enabling the 

buying of time to plan and implement more sustainable, and economical solutions. 

CITY STRUCTURE – CENTRAL SUBREGION 

Plan Melbourne specifies an expanded Central City as a key part of the Economic Triangle. This  

however, is problematic because of congestion, environmental impact, accessibility and high 

infrastructure costs. Direction 1.4 states that this direction will allow Melbourne Central City to 

become the largest business service centre in Australia. Initiative 1.4.1 states that this expansion is 

needed ‘to retain competitive advantage  and attract diverse value-adding business.’ It is difficult to 

see at this stage of Melbourne’s development, that an incremental increase in capital expenditure 

will produce a commensurate increase in value adding business opportunities. Central Melbourne, 

with impressive development in the CBD, Docklands and Southbank, is already a vibrant city and a 

global city in the finance and knowledge based sectors. It is unlikely that increased investment in 

buildings will add significantly to these or to manufacturing type industry. Increased investment will 

simply add office, retail and residential buildings, buildings which could be located elsewhere 

without the problems mentioned above. 

Initiative 1.4.2 states that the Central subregion has the potential to grow from the present 700,000 

jobs to over one million by 2050. Map 9 shows that the current population is 464,000. With 700,000 

jobs, workers travelling into the subregion would number in the order of 450,000 or more per day, 

since only about half of the residents are workers. Taking into account the possible 100,000 urban 

renewal dwellings as stated in Initiative 1.4.2, and more apartment buildings, it is estimated that the 

number of workers travelling into the city each day would have to increase by about 70-100%. 

Considering that existing congestion and travel times by car are at the border of acceptability, 

increasing traffic flows by this amount would be completely unacceptable. At present public 

transport provides about two thirds of commuter trips into the CBD and about one quarter are by 

private car. If volumes are increased by 70%, public transport infrastructure will have to be improved 

substantially in the form of more car parks at stations, extending railway lines to new areas, and 

increasing railway rolling stock. As more development occurs in the growth corridors, extending 

further away from the CBD and railway stations, more people may be forced to rely on private 

transport, which will further exacerbate travel times. 

Transport infrastructure is not the only area of large cost escalation. Power, water, sewerage and 

waste management services must be considered, and costs for these will rise exponentially as 

density increases. Rather than having to deal with these major problems and their associated capital 

and ongoing costs, it makes sense to avoid them by not increasing the population of the Central 

subregion, and directing growth outwards to new centres of growth as proposed in the Concept 

Paper. 

ENVIRONMENT 

Plan Melbourne rightly places great emphasis on the environment. However, solutions proposed to 

maintain environmental health are very general and vague. The stated goal of positioning 

Melbourne ‘as a world leading sustainable city that values and enjoys its natural assets’ given 



without a practical methodology of achieving that goal, is essentially a statement of environmental 

fantasy. A setting or plan for environmental health in water air and land, not just to 2050, but to the 

end of the century and beyond must be provided. The fundamental element of the Concept Paper 

plan, which proposes nodular development in compact, planned, sustainable cities, does just that. 

ENVIRONMENT AND WATER 

Plan Melbourne discusses ’Using and reusing all sources of water’. Direction 5.5 is based on the 

implementation of the Victorian Government draft strategy plan ‘Melbourne’s Water Future’, which 

if put into effect will make major advances in the availability of urban water with significant cost 

savings. The extent to which the strategy is put into effect will determine its effectiveness. 

Using water recycling as an example, cost per connection in 2050 in ‘a business as usual’ mode is 

estimated to be $3,700, but if the system is installed on a precinct scale, cost is only $2,600. In most 

already established areas, water recycling could be impossible because of existing physical 

constraints. Therefore for these reasons of cost and accessibility, it would be highly beneficial to 

implement Melbourne’s Water Future on green field sites, with planning carried out on a precinct 

scale. With new development occurring in planned compact cities as proposed in the Concept Paper, 

green field sites would be the norm. The Concept Paper discusses water quality standards with uses 

for various grades. It also discusses storm water collection, waste water treatment (including 

biological methods), irrigation use and effects of irrigation on Victoria’s natural river systems. The 

efficiency of all of these processes, and consequently the associated capital and on-going costs are 

vastly improved in a compact city as proposed in the Concept Paper. Refer to Section 3 of the 

Concept paper for detailed discussion. 

ENVIRONMENT AND ENERGY 

Direction 5.7 of Plan Melbourne rightly expresses a desire to reduce energy consumption and 

transition from fossil fuels to renewable energy sources. However, it gives no methodology or 

strategy on how this can be done. 

Whilst renewable energy is the most benign from an environmental perspective, its large scale use 

at this stage is not practical. At present in Australia, about 13% of electrical energy consumed is from 

renewable sources, but most of it comes from hydro or bio sources (wood and bagasse). Hence the 

contribution by wind and solar is only about 3% of total electrical energy consumption. The major 

problem with renewables (wind and solar), is the variability of the energy source; unless some form 

of low cost storage becomes available, renewables are destined to remain minor players in the 

energy market. In Victoria, the variability is such that AEMO, the energy regulator will accept only 

8% of installed wind generator capacity as available supply. This means that 92% of installed capacity 

must be backed up with fossil fired plant. In addition the cost of wind plant is more than double that 

of good quality base load gas fired plant. For these reasons, renewable energy use is limited, and if 

better efficiency of utilization and reduction of green house gasses (GHG) are sought, then other 

technologies must be used. 

Direction 5.7 acknowledges that greater efficiency is the path to clean energy, and cites the 

Doncaster Hill Smart Energy Zone which supplies electricity, and heating and cooling to a local group 

of buildings. This form of energy production known as co-generation (sometimes tri-generation) 



utilizes the waste heat normally produced in electrical power generation, (typically two thirds of 

primary energy consumed), to supply useful thermal energy to heat and cool buildings and supply 

industrial processes. This is exactly the form of energy production proposed in the Concept Paper; 

the principle is the same, but the scale of application is vastly greater. Instead of supplying energy to 

a small group of buildings it would supply energy to most of the city, both electrical and thermal. 

This concept is not new, and has been used in Europe and the United States for many years. Thermal 

energy is distributed by means of high or medium temperature hot water through insulated 

pipework laid in the ground. The water is pumped to residential and commercial buildings for 

heating and/or cooling, the cooling being produced by means of absorption refrigeration. It can also 

be pumped to factories for supplying industrial heat to food, chemical, pharmaceutical and other 

processes. Another application is the heating of green houses, which can then function all year 

round in a controlled atmosphere at full production rates, regardless of the weather or season. 

Using co-generation, efficiencies of utilization of primary energy in the power production process 

can be at least doubled, and if suitable thermal loads are available such as provided by industrial 

process and green house use, efficiencies in the order of 80-90% are achievable, in contrast to the 

30-40% typically achieved conventionally. In addition electrical transmission losses will be negligible 

since power will be generated locally, near the point of use. In contrast, transmission losses for 

conventional transmission losses for conventional generation at remote sites such as the Latrobe 

Valley are in the order of 7%, thus reducing even further efficiency of primary energy use to 23-33%. 

Another factor is reliability of supply, which is increased significantly with the use of a large number 

of medium sized generators connected together to form a distributed system, as opposed to the use 

of a small number of very large generators, where the sudden failure of one machine in peak load 

conditions could cause blackouts or brownouts. 

Figure 14 of Plan Melbourne shows GHG emissions for Australia in 2011, by sector. 34% of total 

emissions are due to electricity generation, 17% is due to direct combustion, and 6% from industrial 

process. If the last two could be replaced by waste heat from power generation, the overall 

emissions, including those from transport could be reduced by 23%, or about ¼ if transmission losses 

are taken into account. If reduced losses brought about by more efficient transport and agricultural 

practices engendered by the establishment of compact cities as proposed in the Concept paper, then 

reductions GHG emissions in the order of 40% are probable. This is a very substantial reduction, and 

makes the realisation of the Kyoto agreement targets possible. Without the dramatic change in 

emissions that the Concept Paper proposal can bring about, the target of 5% below 2000 emissions 

by 2020, is unattainable, considering that that in 2011, emissions were 9% above 2000 levels, and 

rising at a rate which take 2020 emissions to 24% above 2000 levels. 

Another avenue for reducing energy consumption is through the recovery of energy from wastes 

through the use of Advanced Waste Technology (AWT). AWT utilizes technologies such as 

Pyrolysis/Gasification and Anaerobic digestion to convert solid waste including plastics and tyres, 

and sewerage sludge to useful energy. In addition, the use of AWT reduces land fill disposal which 

can be problematic in that it increases GHG emission through uncontrolled methane production, can 

pollute ground water, produces unpleasant odour and rodent and other pest problems, and can 

cause deep seated fires. AWT is considerably more expensive than land fill disposal, but if value of 

the recovered energy is taken into account, and treatment plants are made large and strategically 



placed to serve one or more compact cities as proposed in the Concept Paper, then AWT can 

become attractive economically. Use of AWT is increasing in European countries. 

Plan Melbourne does not consider energy networks required for the conveyance of gas and 

electricity to urban developments, nor does it address energy reserves in the future. These are very 

important issues and require detailed consideration now, at this crucial planning stage. The Concept 

Paper shows that even with 2C (uncertain) gas reserves, the existing mode of energy utilisation will 

deplete reserves by around 2043. If the mode proposed in the Concept Paper is adopted, 2C 

reserves will be extended to about 2060. Thus there will be an extension of 16-17 years, buying time 

for the development and deployment of renewables and/or coal gasification. 

The Concept Paper also discusses the capacity of the state gas transmission system known as the 

DTS (Declared Transmission System). It is shown that without reasonable augmentation, the existing 

DTS will meet the Concept Paper requirements to around 2020, but using the conventional ‘business 

as usual’ mode of operation, there will be a 14% shortfall by that time. With reasonable 

augmentation, the Concept paper system can continue well past 2061, to beyond the end of the 

century, because of the energy recovered locally from waste, and the heat recovery from co-

generation. In contrast, the conventional system will reach the limit of the augmented DTS by about 

2032, which is before the time 2C reserves are depleted in approximately 2043. Therefore, major 

works to the DTS may need to be made to continue to provide a reliable gas supply. 

All of the above issues and more are discussed in considerable detail in Section 4 of the Concept 

Paper. Sub-section 4.9 also discusses the facilitation that the Concept Paper system affords to the 

increased adoption of renewables and the use of coal gasification for the extension of energy 

supplies, thus easing the energy path of the future. The generation plant proposed by the Concept 

Paper is of the Combined Cycle Gas Turbine (CCGT) type. CCGT plant is very efficient and very 

flexible in operation as it can pick up or drop an electrical load quickly, unlike efficient traditional 

base load plants which respond to load changes very slowly. This characteristic is very useful when 

dealing with renewables with their high variability. Coal gasification is particularly pertinent to 

Victoria because it is blessed with an abundance of brown coal. The Concept Paper proposal is 

essentially gas powered, so through it, the large coal reserves can be efficiently utilized for powering 

and heating the State. 

A STATE OF CITIES – REGIONAL DEVELOPMENT 

Plan Melbourne states that while the Victorian population has increased by 15% in the last decade, 

86% of the growth has occurred in Melbourne. Figure 15 shows that regional growth was only 9% 

from 2002-2011. This shows that there is a drain of population from the regional areas into 

Melbourne. With an overall annual Victorian growth rate of 1.4%, growth should have been about 

15% over 10 years, assuming the average annual growth rate, instead of the 9% actually recorded. 

Figure 2 shows the projected regional population to 2051; the curve has a very slight incline, 

becoming almost flat after 2030, while the curve for Melbourne continues to climb at the same rate 

it does now. Clearly, the present day policies are doing nothing to alter the Metropolitan/Regional 

imbalance. Plan Melbourne, while stating a desire to alter the trend, offers no concrete solutions, 

apart from establishing a permanent metropolitan boundary. 



And yet, as was noted previously, the development of primary and manufacturing industry jobs has a 

large multiplier effect in the creation of other jobs, and so overall prosperity. Regional areas are the 

very ones that offer primary industry business opportunities and subsequent manufacturing industry 

opportunities. Development of Regional Victoria should be a priority to enhance State prosperity. It 

would be reasonable therefore to promote and facilitate primary and manufacturing industries in 

regional areas so that they become a magnet for employment, attracting people away from 

Melbourne. 

Studies carried out by the CSIRO and the University of Melbourne have indicated that there will be 

large deficits in the supply of horticultural products in Victoria by 2030 (ref sub-section 3.10 of the 

Concept Paper). This deficit presents opportunities for regional Victoria. With the availability of low 

cost thermal energy from co-generation plants from compact cities as proposed in the Concept 

Paper, green houses can be built to operate all year round regardless of climate or weather 

conditions. The processing of their produce, which also requires thermal energy, will require 

manufacturing facilities which will also generate jobs. The use of modern green houses reduces 

water consumption to less than one quarter of that normally required, so that green houses can be 

constructed to operate economically even in arid regions, and virtually anywhere in Victoria. 

Overseas experience, particularly in Israel which is arid in large sections of the country, proves this. 

The establishment of nodes of development in the form of compact sustainable cities would create 

primary and manufacturing business opportunities which would generate jobs, which through the 

large multiplier effect (discussed under Employment Opportunities above) would create service type 

employment, and so facilitate the growth of economically viable communities. As discussed in 

Section 2 of the Concept Paper, these communities should ideally have a population of 100,000 or 

more, up to about 700,000, in order to create business opportunities (including knowledge based 

industries), so as to be economically self sustaining. This level of population also creates cultural 

diversity and facilitates the provision of comprehensive health and education services. 

Plan Melbourne under Direction 5.3, states that non urban areas in the Port Phillip Bay and Western 

Port regions are very productive, having an output per hectare of roughly four times the State 

average. With the advent of modern green houses, one hectare of green house is equivalent to over 

9ha of open field land (ref sub-section 3.10 of the Concept Paper), thus more than doubling the 

output of even highly productive regions. Direction 5.3 goes on to say that ‘the growing middle 

classes of Asia are likely to become significant and fast growing markets for high quality produce’. 

With good marketing to our Asian neighbours, the compact cities as proposed in the Concept Paper 

can not only meet domestic shortfalls in horticultural production, but could create an export 

bonanza to a growing market, thus creating great wealth for Victoria. 

PROPOSALS 

As mentioned earlier, the Integrated Economic Triangle outlined in Map 2 of Plan Melbourne has 

great merit in that it connects the eastern, northern and western regions, and provides good access 

to ports at Melbourne, Hastings and Geelong, and to airports at Tullamarine, Avalon and the 

possible future south east airport. However, the structure of the plan is problematical in that it is 

accepting of a seemingly inevitable population increase to 6.5 million by 2051, and attempts to pack 

people into all sub-regions with insufficient consideration given to congestion and travel times, and 



the economical provision of infrastructure and services. The increase in population is not inevitable 

if the correct strategies are adopted now. 

Even if the increase of population could be accommodated, at great capital and ongoing cost, there 

is the issue of job creation. Plan Melbourne relies on most new jobs being created in service and 

knowledge based industries and tourism. Whilst this is possible, the industries that create great 

wealth and which are therefore of fundamental value to the State, are primary and manufacturing 

industries which have a high multiplier effect in the creation of service jobs, and produce export 

earnings. Whilst Victoria, as would indeed all Australia, have great difficulty in competing with Asian 

countries in the manufacture of electronic equipment, white goods, motor vehicles, clothing, and 

the like, it does enjoy many natural advantages such as a temperate climate, plenty of sunshine, 

good soils and generally reasonable water supplies. These together with our agricultural and 

engineering skills, in conjunction with high quality standards, would make Victoria highly competitive 

in the area of food production. For increased food production it is necessary to move out of the 

Melbourne urban boundary and into the peri-urban regions, and beyond. For the economical 

production of horticultural products, and to process them, it is necessary to have available low cost 

energy and good water supplies. The main Direction at this time then, is to establish compact cities 

in the peri-urban regions. These would also absorb Melbourne growth and form gateways for further 

development in the form of more compact cities to the east, north, and west. With these ideas in 

mind, the following initiatives are proposed. 

1. Revise Plan Melbourne within the designated urban boundary, adjusting the subregion 

structure to accommodate an approximate 20% increase in population to 5 million, 

instead of the 6.5 million presently planned for. This would be a permanent limit with 

any further growth absorbed by compact cities as proposed in the Concept Paper. 

According to Figure 2 of Plan Melbourne, the 5 million mark will be reached by 

approximately 2026, which gives about 12 years to plan and construct or part construct 

new cities to absorb continuing growth. All new cities would be designed within the 

physical and economic constraints imposed by their environment, and would be limited 

to approximately their design size, to prevent infrastructure and environmental stress as 

typically occurs in urban sprawl type development. 

2. Investigate suitable sites for the new cities. At this stage, it is proposed that three cities 

be planned, so that a total of 1.5 million people can be accommodated and so absorb 

the difference between the 5 million Melbourne limit and the 6.5 million required 

accommodation to 2050. This figure of 1.5 million for the three cities would be under 

review, and would depend on migration rates and the building of other compact cities at 

other nodes. The development of Regional Victoria must be under constant review, and 

sites for new nodes determined and investigated as populations of existing nodes 

approach their design limits. 

3. It is proposed that the three cities be located (a) in the east in the vicinity of 

Longwarry/Drouin, (b) in the north, in the vicinity of Wallan, and (c) in the west, in the 

vicinity of Little River. As part of (b), it is proposed that an initial small pilot installation 

able to accommodate about 50,000 people be built to develop governance and 

management systems and gain design experience in the construction of compact cities. 



(a) The eastern city would be about 80Km from Melbourne, and close to the future 

south-east airport. It would be the gateway to the Latrobe valley, and would be a 

great asset in a region which is requiring economic stimulus. 

(b) The northern city would be about 40km from Melbourne, in the Hume corridor 

connecting Melbourne to Sydney. It would be the gateway to the north of the state 

and to Sydney. The proposed Beveridge Interstate Freight terminal could be 

incorporated into this city. It would be close to the planned activity centre at 

Lockerbie. The existing master plan for Lockerbie shows that Lockerbie, though 

planned to accommodate 30,000 residents, has little job creating potential apart 

that from service industry. The new city could incorporate Lockerbie as an outer 

suburb and offer primary and manufacturing employment to its residents, drawing 

them away from Melbourne. As mentioned above, the construction of an initial 

small energy system to serve Lockerbie is proposed, and this is discussed in the next 

section of this submission. 

(c) The western city would be located about 40km from Melbourne, and would form 

the gateway to the west. It would be close to the Avalon airport and about 20Km 

from Geelong. It would draw population away from Melbourne and provide jobs for 

Geelong which is suffering economic stress due to the loss of major employers such 

as Ford. It would also bolster Avalon airport which is struggling to remain open to 

airlines because of the small number of air passengers utilizing it. 

4. Liaise with Electricity and Gas supply companies and government regulators to plan size 

and preferred locations of electrical generators and transmission lines, and gas supplies. 

5. Liaise with Water, sewerage and waste management authorities to plan for these 

services and investigate feasibility of Advanced Waste Treatment systems. 

6. Investigate export markets for city products. 

7. Make detailed studies of the geography and topography of the proposed sites and 

prepare survey documentation. 

8. Enter into detailed planning. 

INITIAL SMALL SCALE PILOT INSTALLATION AND TIMING 

The accepted establishment of Lockerbie in the peri-urban region offers an opportunity to test and 

gain experience with the nodular compact city concept. Experience could be gained in the areas of 

governance, project management, planning and design. The northern city located possibly at Wallan 

East would be only approximately 7km from Lockerbie. An energy station located between the two 

sites could supply electrical and thermal energy to both areas. The energy station would be of 

modular design so that the initial plant could be small, suited to serve about 50,000 people, 30,000 

of whom would be in Lockerbie. Thermal energy could be supplied to Lockerbie if thermal loads 

were available. The planned Interstate Freight Terminal at Beveridge could have a significant heating 

and cooling requirement and so provide some thermal load for the energy station. In addition green 

houses could be built in the area, thus providing more load; commercial buildings in Lockerbie could 

also provide some load. But it is unlikely that Lockerbie can provide sufficient thermal load for the 

energy station, and it may be necessary to build green houses and some processing facilities at the 

main northern city site. All of this would be subject to detailed investigation, but it should be 

possible to build the first stage of a compact city as a pilot stage with which to gain experience. 



Timing of the construction of the small pilot compact city should be such as to provide the required 

management and design experience while designs for the main compact cities are still flexible. Thus, 

investigations and initial designs for the pilot system should commence by mid 2014, allowing time 

for suitable governance and management systems to regulate the works to be set up. Detailed 

investigations and detailed designs of crucial components such as structure planning, energy, water 

and waste services should be completed within 2 years, say by mid 2016. Construction of major 

infrastructure such as access roads energy station, thermal and electrical core distribution elements 

and water, sewerage and waste plant should be completed by mid 2020. 

Experience gained in the design process for the construction of this small system would enable 

detailed design on the three major cities to commence by mid 2016. And by mid 2019, design should 

be sufficiently advanced to allow the construction of the first modules of major infrastructure. This 

should be completed by mid 2023. By this time Melbourne population would be approaching 5 

million, and population would begin to flow to the three cities as industry develops there. Capital for 

the construction of most of the infrastructure would be private, with profits from growth and 

appreciation of asset values providing incentives for investment. 

IN CONCLUSION 

The model of urbanisation presented in the Concept Paper is compatible with Plan Melbourne. It is 

also do-able and it ‘ticks all the boxes’ for future development. A summary of the benefits of this 

type of urbanisation are:- 

1. It provides an orderly, systematic and efficient means of extending the urban environment 

to cater for increasing population. It provides a blueprint for expansion. 

2. It limits population pressure on Melbourne, enabling it to remain the world’s most liveable 

city. 

3. It facilitates the creation of wealth by enabling the efficient tapping of natural resources, 

and adding value to them thus increasing business opportunities. 

4. It creates jobs. 

5. It is environmentally benign on water, air and land, minimising pollution. 

6. It is energy efficient by vastly reducing waste heat in the power generation process, and 

converting it to useful thermal energy. 

7. It significantly extends gas reserves. 

8. It extends the life of the DTS, the main gas conveyance system, before reasonable 

augmentation is required, after which, life is extended to the end of the century and beyond. 

9. It facilitates high use of abundant coal reserves through the process of gasification. 

10. It facilitates the conversion of solid wastes to useful energy and reduces the use of landfills 

and the hazards associated with them. 

11. It facilitates the use of biological treatment of sewerage for the recovery of nutrients. 

12. It facilitates the use of renewable energy resources through the use of flexible combined 

cycle gas turbine technology (CCGT) for power generation. 

13. It facilitates efficiency of utilization of water resources through collection and recycling. 

14. It protects rivers, streams and other natural water systems and the wildlife in them by 

reducing outflow for irrigation, potable water and other human needs. 

15. It reduces costs of urbanisation and makes for more affordable housing. 



16. It significantly reduces GHG emissions thus making it possible to achieve international 

emission targets. 

The adoption of expanding nodular development as proposed in the Concept Paper is not ‘rocket 

science’. It requires good planning, good engineering, good governance and good management to 

facilitate its implementation. There are no extra costs to the community, in fact there are very 

substantial savings. Buildings need to be built, power stations need to be provided, as do water, 

sewerage and waste management services. Why not provide them in an efficient low cost way 

rather than in traditional development? Once the pattern the Concept Paper proposes is 

established, its benefits to our city, State and country will be enormous. Our State will truly be a 

State of cities, we will truly be the most environmentally benign community in the world, and 

Melbourne will remain the most liveable city in the world. 

 

Frank Reale 

06/12/2013 
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SECTION 1 

INTRODUCTION & OVERVIEW 

 

1.1 Population Trends 

Australia’s population in March 2011 was about 22.5 million, and is increasing at the rate of 1.4% per 

annum. This is a reduction from its peak of 2.2% in 2008, and is the lowest since 20051. Even this low 

rate however, represents a growth of over 312,000 per year, and because most of the population is 

in the capital cities, the potential percentage growth in them is even higher and therefore of concern 

to planners. For example, Melbourne with a population of approximately 4.1 million, representing 

about 74% of Victoria’s population in 2010, had an increase of 79,000 or 2% in 20102. In 2008-09, 

Melbourne’s population increased by 93,000 or 2.4%3. Melbourne has been in fact the capital city 

with the highest growth for the past nine years. The story is similar for Sydney with a population of 

about 4.6 million in 2010, representing 63% of NSW’s population. Sydney’s increase in 2009-10 was 

75,600 people or 1.7%2. To give some perspective to these figures, it is useful to compare the growth 

with the population of existing cities. For example, the Melbourne 2008-09 growth of 93,000 was 

almost the same as the population of Ballarat in 2010, 96,000. And the Sydney growth in 2009-10 of 

75,600 is double the population of Dubbo, 38,0004 

 

1.2 Effects on Infrastructure  

Not only does this increase impose huge demands on land resource, but with it comes the relentless 

need to service this land with infrastructure whose complexity and capital costs increase year by 

year. These costs are unavoidable if the cities are to remain liveable. For example, in 2008 the 

Victorian Government announced a transport plan to rectify foreseeable traffic problems. The plan 

would cost $38 billion over a period of 6 years5, and would amount to $10,000 for every resident of 

Melbourne. But even this huge expenditure provides only a temporary fix, because at a rate of 

increase of 2%, the population would be about 5 million by 2021, and about 6 million by 2031, or 

about 1.5 times the existing. 

The case of water supply is similar. The existing system has been augmented by the North-West 

pipeline conveying water from the Goulburn River in the north of the State to Melbourne, the 

pipeline estimated to have cost $750 million6. This however was only a partial fix, and the State has 

embarked on the construction of a desalination plant, originally scheduled to be completed by 2011, 

at a tendered cost of $4 billion, but now estimated to blow out to almost $6 billion according to the 

relevant government minister then in office7. The plant will consume between 90 and 120 MW of 

                                                           
1
 ABS 3101.0 – Australian Demographic Studies March 2011 

2
 ABS 3218.0 – Regional Population Growth, Australia, 2009-10 

3
 ABS 3218.0 – Regional Population Growth, Australia, 2008-09 

4
 List of Cities in Australia by Population - Wikipedia 

5
 Weekly Times 31/12/2008 – ‘Big smoke is choking us’ 

6
 North-South Pipeline - Wikipedia 

7
 The Age 17/09/11 – ‘Holding denies desal plant will hit $15.8 bn’ 



 

2 

 

electrical power to operate, and power usage plus maintenance is estimated to cost the taxpayer 

$15.8 billion over the next 28 years according to a Department of Sustainability and Environment 

report8. As a result of these capital and operational costs, the average water bill for residents in 

Melbourne is estimated by the Essential Services Commission to almost double over the next 5 

years9. But for how long will this added water infrastructure be adequate? According to the Water 

Services Association of Australia, only until 2026, or 15 years from now10. To cater for the demand 

beyond 2026 more desalination plants and/or dams will have to be built at great capital and 

environmental costs. 

It is of some concern that in spite of the spiralling costs of infrastructure, the international 

competitiveness of Australia’s ‘global cities’ notably Sydney, Melbourne and to an increasing extent 

Brisbane and Perth is reduced because of infrastructure limitations. In the Global Power City Index 

released by the Japanese Mori Memorial Foundation (2009), 35 of the world’s major cities are 

evaluated on six indicators, one of which is Accessibility. Although Sydney (the only Australian city in 

the study), was ranked 14th overall, scoring well on Cultural Interaction functions (resources for 

attracting visitors, volume of interaction and ‘trendsetting’ potential), it scored poorly on 

Accessibility, reflecting international and inner-city transportation infrastructure limitations11. This is 

of concern for Sydney, and, the State of Australian Cities 2010 publication says, indirectly for all 

Australian cities. It goes on further to cite the PricewaterhouseCooper Cities of Opportunity study, 

which ranked Sydney, in terms of infrastructure assets, 20th out of the 20 cities studied. The 

PricewaterhouseCooper report needs to be qualified by the fact that many of the variables used in 

the study are absolute measures that favour the largest cities in the study. However, Sydney is 

assessed as still performing relatively poorly on a number of ‘quality’ infrastructure variables, most 

of which are related to transport12. 

 

1.3 Effects on Housing Costs - Affordability 

Increasing infrastructure costs are reflected in housing costs and affordability. A report 

commissioned by the State Department of Planning and released in 2009 found that the cost of infill 

development in existing suburbs is less than half that of fringe development12. To build 134,000 

homes over 20 years in fringe areas would cost an additional $40 billion due to infrastructure costs, 

over the cost of building in areas with existing infrastructure, corresponding to an additional cost of 

$30,000 per home. This is partly due to the connectivity required between the new fringe 

developments and existing infrastructure such as water supply, power supply and sewerage 

treatment plants all of which are located closer to the existing centre of population, and partly due 

to the new services themselves, whose costs are high because of the low population density. 

The changing structure of Australian households requires a revision of building practices and 

dwelling densities. By 2026 only about 30% of all households will be couples with children, and 

                                                           
8
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about 25% will be lone person households. The remaining 45% will be single parent households or 

households with no children13. Based on these figures, 70% of the population would be content to 

live in medium and high density housing, and 30% in low density housing of 15 dwellings /ha. Using 

the alternative mode of urban expansion proposed in this Paper, housing can be designed around 

these 2026 predictions, and so save considerable land costs. Refer to Section 2 Cl. 2.7 which shows 

how proposed land allocations for high, medium and low density development for a city of 100,000 

are arrived at. From the land allocations given in Table 2.3, the average land per dwelling for 

Medium plus High Density dwellings is approximately 37% of the land for each low density dwelling. 

Therefore the cost of land per dwelling should be in the order of 40% that of conventional low 

density construction. If the cost of land in low density construction is $180,000, then the saving 

should be at least half of this, say $90,000. If to this is added the $30,000 per dwelling saved in 

infrastructure costs discussed above, then there could be a saving of $120,000 in Medium/High 

density construction per dwelling. This is a significant saving, representing 23% of the median price 

of houses for Melbourne in 201014 of $524,500. The median cost of housing in Melbourne was 7.8 

times the average annual wage in 2010, and has been steadily rising from 2.9 times the average 

annual wage in 1965. This is a trend of great concern, and is one that the alternative model 

proposed in this Paper addresses, providing a method of achieving greater affordability through 

lower infrastructure costs, lower land costs, and possibly through lower construction costs if 

innovative methods are used on medium and high density construction. The alternative model 

proposes that cities be designed, and so able to incorporate medium and high density construction 

into an integrated whole in tune with the environment, thus making it appealing to a public that 

may, in part at least, be clinging to the low density paradigm that has long held sway. 

 

1.4 Effects on Congestion 

In a study made by BTRE of the Commonwealth Department of Transport and Regional Services15, it 

was estimated that avoidable cost of congestion was $3 billion per year for Melbourne in 2005, and 

$3.5 billion for Sydney. These costs would rise dramatically to $6.1 billion and $7.8 billion 

respectively by 2020. For all Australian capital cities total annual avoidable costs were $9.4 billion in 

2005 and would climb to a staggering $20.4 billion by 2020. The total of $9.4 billion for 2005 is 

broken down as $3.5 billion in private time costs, $3.6 billion in business time costs, $1.2 billion in 

extra vehicle operating costs, and $1.1 billion in extra air pollution costs. The estimates do not allow 

for implementation costs of any alleviation measures such as road and freeway construction which 

are routinely implemented each year to keep congestion to tolerable levels, nor do they allow for 

costs of traffic accidents and health care costs which would necessarily increase as population and 

hence congestion levels increase.  

One of the easily perceived adverse effects of congestion is the increase in mean travel time. Whilst 

the BTRE report does not list this, it is believed that for Melbourne and Sydney, mean travel time to 
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and from work is in the order of 45 minutes to 1 hour, leading to a loss of 90 minutes to 2 hours per 

day for each worker, time which could be more productively or enjoyably spent at work or at leisure. 

Travelling to work by private car is detrimental to physical and emotional wellbeing, particularly 

when journeys are long or involve delays16. Environmental stresses such as noise, beeping horns, air 

pollution and uncomfortable conditions such as excessive heat, cold or humidity have an impact on 

people’s health, their performance at work, their moods and their general wellbeing. These effects 

can spill over to outside the workplace and have negative influence on family and social life. 

Workplace participation can suffer, with increased absenteeism, lateness and increased turnover of 

staff. Road rage is on the increase and of deep concern to law enforcement authorities. 

Physiological costs of air pollution associated with congestion in Australian capital cities in 2000 

were estimated to be $3.3 billion14. There were 1,200 deaths, 2,400 hospital cases and 21,000 days 

of asthma attacks caused by traffic pollution. If projected linearly to 2026, using Series B (medium) 

population growth rate, this cost will be $4.75 billion for all Australian capital cities, which includes 

$1.5 billion for Sydney and $1.4 billion for Melbourne. Thus by 2021, congestion plus health costs for 

Sydney will be around $9.3 billion /year, and for Melbourne around $7.5 billion /year. These costs 

are enormous and still do not allow for costs of traffic accidents and psychological costs caused by 

stress and road rage. 

Even though there has been an increase in the use of public transport over the past few years, in no 

small measure due to the increasing levels of congestion, by far the largest proportion of passenger-

km travelled is by private car and light commercial vehicles. The trend curves for private car 

transport are not abating17, and it is unlikely that public transport will have a significant impact on 

road congestion levels. 

 

1.5 Effects on Energy Usage and Green House Gas Emissions 

The major cause of green house gas emissions is the burning of fossil fuels. Hence to make large 

reductions to emissions, there must be large reductions in fossil fuel consumption. At present the 

contribution of renewable energy to Australian electricity production is about 7%18 and 85% of that 

is supplied by hydro, bagasse, wood and wood waste. Given that there is little growth potential in 

these, and the fact that wind and solar with their low capacity factors are very expensive (ref Section 

4 for discussion on this), it is clear that there will still be heavy reliance on fossil fuels in the 

foreseeable future, and if emissions are to be cut significantly, then significant advances must be 

made in the efficiency of fossil use utilization. 

Under its commitment to the Kyoto Protocol which it ratified in December 2007, Australia 

committed to reducing its emissions to 5% unconditionally, and between 15% and 25% depending 

on the extent of international actions in reducing emissions, based on emissions in the year 200019. 
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In 2000 emissions were about 550 Million Tonnes of CO2 (or equivalent), and at the end of 2011, 

they were 600 MT. Thus they were about 9% above 2000 levels. If present trends continue, emission 

levels will rise to 686 MT by 2020, taking them to 24% above 200020 levels compared to the 

minimum 5% below required by the Kyoto Protocol agreement. Clearly there is little hope of 

attaining the emission targets if existing policies and methods of energy utilisation are continued. It 

is only by making radical changes to our energy consumption patterns that the Kyoto targets can be 

achieved. 

The alternative mode of urbanisation proposed in this Paper makes it possible to achieve the targets 

if applied quickly. Using this mode, together with conventional energy reduction strategies, total 

primary energy usage and therefore emissions can be reduced from 25% to 70% on all new 

development compared with conventional urbanisation. As discussed in Section 4 of this Paper, this 

mode facilitates energy efficiency and the reduction of waste, as well as increasing reliability of 

supply. 

 

1.6 Modes of Urban Expansion 

The above expensive and deleterious consequences of population growth are caused by the 

unrestrained expansion of the capital cities in the ‘urban sprawl’ mode. This mode requires minimal 

strategic planning, with development being driven by population increase and response to market 

forces. Constraints are mainly geographical. Inertia, market trends and economic interests conspire 

to continue development in the same ‘sprawl’ pattern, with little regard to overall efficiency, 

amenity and environmental issues. Though development is at first inexpensive, it becomes 

expensive once the population grows to around the 2-3 million mark, as arterial infrastructure must 

be continually upgraded to meet the growing demands. Service costs increase, reflecting 

infrastructure costs and energy usage in conveying resources from afar to increasingly more 

dispersed points of use. At the same time system inefficiencies are introduced through congestion, 

the cost of these rising exponentially unless more capital is invested to relieve it. Mindless as the 

urban sprawl mode of development is, it is very difficult to halt because of the ‘built in’ 

characteristics mentioned above. The ever increasing size of our capital cities is evidence of this. 

It is the premise of this Paper that there is a viable alternative to the urban sprawl, a way of 

managing urban growth in an economical and environmentally sustainable way, a way which will 

enhance amenity and enlarge the horizons of our rich, vast but dry land. This alternative mode is 

termed in this paper ‘Expanding Nodal Development’ (END), and is discussed in Section 2. Essentially 

the END model is a managed form of urbanisation which provides a logical and systematic ‘track’ for 

efficient and sustainable growth to 2060 and beyond, diverting it from the urban sprawl to new 

planned compact cities. 
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SECTION 2 

A NEW MODE 

 

2.1 Expanding Nodular Development (END) 

The basic idea of this development model is to build successive waves of new compact satellite cities 

around existing major cities, absorbing the growth of the major cities which would otherwise go into 

urban sprawl. The new zoning of land in the major cities would be curtailed, and instead zoning for 

new development would occur in the END cities. Separation of cities and waves of cities would be 

about 30-150 km, far enough to ensure separate identities, but close enough to facilitate support 

and easy transfer of resources during the development stage. These cities would be planned for an 

approximate maximum population, depending on the economic potential of the region in which they 

are located. Once the target population is approached, zoning of new land in an END city would be 

curtailed and new cities would be opened up for development. Maturation time for each city would 

be 15-20 years from the time of commencement of building to the time the full design population is 

reached. Using Melbourne as an example, with a present population of 4.1 million and a growth rate 

of 2% per annum, the increase in its population over the next 10 years will be about 900,000, 

resulting in a population of about 5 million, with an average increase of 90,000 per year. In this time, 

if Melbourne growth is to be limited to an infill growth of about 200,000, a wave of around 7 new 

cities of 100,000 or 4 cities of 175,000, or two cities of 350,000, or combinations thereof would have 

to be built. As discussed later in this section, 100,000 should be the lower limit aimed for, as this 

ensures that a wide range of services can be provided, as well as abundant labour resources and 

business opportunities. The smaller cities would be about the size of Ballarat (96,000) and the larger 

ones about the size of Geelong (179,000), through to as large as 700,000 as discussed later. 

In the subsequent 10 years (2021 – 2031), assuming that Melbourne’s population had been 

constrained to 4.3 million (4.1 million present plus 200,000 infill) by diverting growth to END cities, 

its population will have increased to 5.2 million at an annual growth rate of 2%. To accommodate 

this increase of 900,000, 9 more END cities of 100,000 or their equivalent would be needed. In 

addition the population of 700,000 in the first wave of END cities would have increased by 150,000, 

thus requiring another city of 150,000, or 2 smaller ones. Thus a second wave of around 11 cities or 

their equivalent will be required to accommodate the expanding population, which, had no END 

cities been build, would have caused Melbourne to grow to 6.1 million by 2031. Thus by 2031 a total 

of about 18 new END cities of 100,000 or an equivalent number of larger ones would be required. 

This process of adding waves of new cities or nodes, centred about Melbourne, each wave separated 

from its predecessor by 30-150 km, would continue until the population of the State stabilised. 

This process of expansion effectively de-centralises the State, an ideal which in spite of great effort 

by successions of state governments, has not been achieved. The development of regional Victoria is 

a dream, and it will remain just that unless the dynamics of change are radically altered. The rise of 

population in regional Victoria was 20,300 in 2010, an increase of only 1.4%1. This reflects the 

natural population increase, and demonstrates that there is no migration from Melbourne, as would 
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be desirable because in fact, the overall rate of increase in Victoria is 1.8%1. There is thus a 

significant drain from the regions to Melbourne. Because of the larger population base, (73.5% of 

Victorians live in Melbourne1), migration from overseas, and the regional and remote area drain, the 

population of Melbourne is increasing at about 4 times the rate of that of regional Victoria. This 

trend will not change unless economic drivers exerting a modifying influence are put into place. At 

present there are no such drivers – people will move to wherever job opportunities exist, and 

undoubtedly these are in Melbourne. Because regional Victoria is essentially rural, there is little 

scope there for increasing economic activity, thereby generating jobs. It will be shown later in this 

Paper that the END model not only creates economic opportunities through the building of the cities 

in existing rural areas, but, because of the efficiencies of resource utilization inherent in the model, 

will generate new industries to draw more people.. Indeed it is possible that because of expanded 

opportunities in horticulture, aquaculture, agriculture, animal husbandry and the power, food 

processing and chemical industries, that there will be a natural unforced reversal of the population 

movement, with a drain from Melbourne to regional Victoria, which will actually reduce the existing 

Melbourne population. 

 

2.2 Location of END Cities 

END cities would be started at existing ‘seed’ communities of about 1,000-10,000 people to provide 

some initial infrastructure, services and labour for the construction of the new cities. These 

communities would be small to medium sized towns the first two waves of expansion being located 

initially about 30-150 km from the capital city. For Victoria, towns such as Hastings, Werribee, 

Bacchus Marsh, Rockbank, Wandong, Wallan, Kilmore, Kyneton, Broadford, Yarra Glen, Healesville, 

Gembrook, and Pakenham, all within 75 km of Melbourne (measured radially), could be suitable 

candidates for the first expansion wave. For the second wave, towns such as Colac (approximately 

11,000 people), Lismore/Derrinallum (combined about 1,200), Beaufort (1,000), Castlemaine, 

Heathcote, Seymour, Alexandra and Warrigal could be considered. All of these are between 100 and 

150 km from Melbourne. The above towns are merely suggestions and there may be many others, 

each location having to be investigated for economic potential and geographical/topological 

features. An important consideration in determining the location of END cities is their proximity to 

gas supply pipelines as gas is their source of primary energy. 

 

2.3 Integration of END Cities 

End cities should not work in isolation, but be connected together and to the capital city with which 

they are associated to form an integrated whole in all aspects of infrastructure for the delivery of 

services to the State as a whole. Services should as much as possible be provided by distributed 

systems which can provide reliability to all nodes and can convey resources to all parts so that no 

part of the system is overloaded. This concept applies to transport, power and water supply and to 

some extent waste disposal. 

To this end, some important characteristics of seed communities apart from population are 

proximity to major or significant roads and proximity to natural gas and electricity networks. Roads 
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are important for the transfer of people and goods during the construction period, and for providing 

connectivity afterwards, so that END cities become part of an integrated supply system for the State. 

Gas is essential because it would be the primary energy source of the cities for electrical and thermal 

generation. Electrical transmission lines are important for the reliability of power supply, and the 

ability to import/export power, so forming part of a distributed electrical system. An adequate 

Water supply is important though not as important as the other characteristics, because the cities 

will be designed to be self sufficient for all of their water, using collection of rainfall, storage in 

ponds and recycling of water for non-potable use. In many cases potable water, which constitutes 

about 30% of all usage can be provided from a local source, but in some cases it may have to be 

piped in from an external source. END cities could be inter-connected by pipeline in an integrated 

distributed system for reliability of supply, just as for electrical supply. It is interesting to note that 

even in arid regions of Victoria, for example the Mallee in the north-west of the state, which has an 

annual precipitation of 250mm, there will still be sufficient water for horticulture if all waste water is 

biologically treated and recycled. However, potable water would probably have to be piped in. 

Water and power supplies will be discussed in more detail in later sections of this paper. 

 

2.4 The Size of Cities, Generally 

Of all the OECD countries, Australia’s population is the most highly concentrated with 64% of 

Australians living in 10% of the regions with the largest populations2. By contrast the US has 50%, the 

UK 28%, France 27%, Germany 21%, and Italy 36%. Together with most OECD countries, this trend is 

gradually increasing as more and more people leave rural areas for economic and social reasons. For 

the individual, the economic benefits of this move in the form of job and business opportunities are 

cogent, but for the nation as a whole, the sum of the economic benefits generated by individuals are 

discounted by the ‘churn’ factor, the inefficiencies incurred when large numbers of people and 

resources are required to move into and within the confines of areas with high economic activity, 

such as major cities. As discussed in Section 1 of this paper, infrastructure costs increase and 

amenity decreases as cities grow. There comes a point when the advantages of agglomeration 

offered by a larger city, in the form of physical proximity of labour force, the availability of significant 

markets, and the synergy of adjacent industries, are outweighed by the transaction costs – capital 

and operational costs of infrastructure needed to provide the required additional essential basic 

services, where unit costs escalate because of time and energy inefficiencies produced as goods and 

services are made to move through infrastructure of a limited capacity. 

Are there practical maximum and minimum limits to the size of our cities? Is there an optimum size? 

If there is, it will vary from culture to culture and in accordance with the standards of liveability and 

economic efficiency expected. When population of a city is defined as pertaining to a metro area, or 

agglomeration associated with that city, some of the larger cities of the world have the following 

populations – Mexico City, New York and Seoul each with about 20 million, Los Angeles 15 million, 

London 13 million, Paris 10 million and Chicago 7 million.3 In contrast Australian cities, big as they 

                                                           
2
 OECD Stat Extracts 2010 

3
 www.worldatlas.com/citypops.htm 



 

4 

 

are, are small in comparison. In 2010 Sydney had a population of 4.6 million, Melbourne 4.1 million, 

Brisbane 2 million, Perth 1.7 million, and Adelaide 1.2 million4. 

 

 

Liveability and maximum size 

Yet of the 10 foremost liveable cities in the world in 2011, according to The Economist Intelligence 

Unit5, where ‘liveability’ is a fairly loose term using as criteria factors such as safety, education, 

hygiene, health care, culture, environment, recreation, political-economic stability and public 

transportation, 4 are from Australia – Melbourne No 1, Sydney No 6, Perth No 8, and Adelaide No 9. 

Of the others in the top 10, the largest was Toronto, ranked No 4, with a population of 5.1 million. In 

2010, the Mercer Quality of Living Survey ranked the top 4 cities as Vienna (1.9 million), Zurich (2 

million), Geneva (0.8 million) and Auckland (1.4 million). Sydney with a population of 4.6 million was 

the largest in the top 10 and was ranked No 10. 

The above suggests that size of a city may be an important indicator for liveability. In the 2010 

rankings, Sydney was the largest city, and in 2011 Toronto was the largest with a population of 

about 5 million. This population may be around the maximum size for a high standard of liveability 

and it is suggested that a maximum limit for a high standard be 5 million. As seen from Table 2.1, in 

which populations quoted are metropolitan, most of the cities in the top 10 for both 2010 and 2011 

have populations of less than 2 million, and it is suggested that once cities reach this size, strategies 

be put into place to divert further growth elsewhere. 

 

2010  

Ranking 

City Approx. 

Population4,5 

2011 

Ranking 

City Approx. 

Population4,5 

1 Vienna 1.9 million 1 Melbourne 4.1 million 

2 Zurich 2.0 million 2 Vienna 1.9 million 

3 Geneva 0.8 million 3 Vancouver 2.3 million 

4 Auckland 1.4 million 4 Toronto 5.1 million 

4 Vancouver 2.3 million 5 Calgary 1.2 million 

6 Dusseldorf 1.5 million 6 Sydney 4.6 million 

7 Frankfurt 2.3 million 7 Helsinki 1.1 million 

7 Munich 1.4 million 8 Perth 1.7 million 

9 Bern 0.7 million 9 Adelaide 1.2 million 

10 Sydney 4.6 million 10 Auckland 1.4 million 

 

Table 2.1 – Rankings of Cities for Liveability 

Using this criteria, it can be seen that Melbourne and Sydney should have already taken steps to 

prevent their populations from exceeding the desirable limit of 5 million. It appears unlikely that this 
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figure can be contained, to the detriment of future liveability. However, if the END model is adopted 

immediately, it may be possible to restrict growth to only a small amount above the 5 million mark.  

Brisbane and Perth should also act promptly in applying the END model if they are to maintain high 

standards, with maximum populations around the 2.5 million mark, the level exceeded only four 

times in the 2010 and 2011 top 10 liveability rankings. Adelaide has a little more time, but should 

not be complacent. 

Lower Limit 

There is no real lower limit to the size of cities, nor is a minimum size defined. For example, 

bonzle.com in a listing of Australian cities based on the 2001 census, cites the smallest as having a  

population of about 25,0006. The listing given in Wikipedia however stops at about 32,0007. So the 

term is fairly loose, but nowadays is probably generally accepted as applying to any aggregation of 

people above about 30,000.  

However if the concept of economic and self sustainability is to be a characteristic of a city, then 

population size may have to be reconsidered. By economic self sustainability, it is not meant that a 

city should be totally economically independent, but that the bulk of its economic activity is 

generated from within, this activity being able to supply all of the services that a modern community 

needs. These services include retail, wholesale, financial, construction, health, and public transport 

services. To provide these services from within, it is necessary for all relevant industries to be 

established in the city, these industries drawing mainly on the local population to provide labour and 

expertise. Thus jobs are generated mainly from within, and for self sustainability, there should be 

enough jobs available to provide employment to most of the city’s citizens. If the jobs are not 

available, people will not move to the city thus curtailing growth, and for people already living in the 

city, they will tend to move away to areas where employment can be found. If this occurs to a large 

extent, the city will stagnate, and could become merely a dormitory city. 

For viable industries to be established there is a need for business opportunities, and these are 

generally dependant to a large extent on population. The greater the degree of aggregation, the 

greater the demand for services, and hence the greater the number of business opportunities. It 

would be difficult to put a figure on the size required for an aggregation to be sufficient to provide 

adequate business opportunities, but some idea can be gained from existing cities. In Victoria, which 

has an overall population growth of 1.8%1, Ballarat with a population of about 96,000 in 2010, had a 

growth rate of 2.07% in 2009-20108 and a mean annual growth rate of 2.1% from 2006 to 20108. The 

corresponding figures for Bendigo are 1.84% and 2%8 and for Melbourne they are 2% and 2.16%8. It 

appears therefore that Ballarat and Bendigo each with a population of about 100,000 are keeping 

pace with Melbourne and ahead of Victoria as a whole, indicating that their populations are self 

sustainable under existing economic conditions. It should be noted that if economic conditions were 

to change, for example if a prolonged drought were to occur in an area whose primary economic 

activity is agriculture, then a city which lacks adequate economic diversity could in fact go into 

decline and stabilize at a lower population level where available jobs are able to satisfy the reduced 
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demand. The city of Geelong is an example of a significant aggregation which has not kept pace with 

the general population rate of increase. In 2010 Geelong had a population of 178,6501   this being an 

increase of 1.6% over 2009. The mean rate of increase from 2001 to 2010 was only 1.27%8 , well 

below the state average, but that has increased to 1.6% from 2006 to 2010, indicating that perhaps 

the economic mix in Geelong is improving. The population of Geelong is still increasing because of 

natural growth, but relative to the State as a whole, it is declining. Thus the population level is not 

the sole determinant of economic self sustainability, but the larger the population, the greater the 

economic diversity, and the more likely it is that the city can cope with hard times. 

The other major factor that affects the lower population limit in the modern era, is the availability of 

cultural resources. Some of these, for which people generally have high expectations, are 

educational facilities from pre-school to primary, secondary, TAFE and tertiary standards, sporting 

facilities for both indoor and outdoor activities, religious facilities for the major religious groups, 

recreational facilities such as restaurants, theatres, gambling venues, hotels and clubs, and 

miscellaneous facilities such as media, markets, libraries and museums. If these resources are not 

available, segments of the population, say the youth, may tend to move to areas where they are 

available. 

2.5 The Size of END Cities 

From the above, considering both economic factors (which are essentially the availability of business 

and job opportunities) and cultural factors, it is suggested that a population of 100,000 be the 

benchmark for a lower limit of population. This is supported by the examples of Ballarat and 

Bendigo, both of which have a population of about 100,000, and are growing at a rate above the 

state average. Both cities have educational facilities to tertiary standard, good health facilities 

including modern base hospitals, good public transport systems using buses, and both have their 

sporting and cultural needs well catered for. In this Paper, 100,000 is the population level used for 

the planning of END cities, and it is suggested that this be the lower benchmark when considering 

the resources and opportunities of a region for END development. 

As discussed above, the higher limit of cities for planning purposes is suggested to be about 2 

million, this being indicated by the liveability ratings of the world’s cities. Whilst there is no reason in 

theory not to build cities to this size, they would be much more difficult to site and plan. Moreover, 

they would create additional concentrated population centres and not spread the population 

throughout the State, one of the goals of regionalisation. It is likely that populations of around 

700,000 would be the maximum practical size of END cities in the Australian context. 

The actual planned size of an END city would depend on factors such as climate, geography, geology, 

potential of surrounding countryside for agriculture, pasture and animal husbandry, mineral 

resources, proximity to energy networks, proximity to transport facilities such as highways ports and 

airports, and the proximity to other cities or developments. Bearing in mind that in Australia by far 

the greatest proportion of commuting trips are by private vehicle9 (for Melbourne in 2006, 76.4% 

was by private vehicle, and 13.6% by public transport), the issue of congestion also becomes a major 

factor, and helps set the suggested maximum size of an END city to the 700,000 mentioned above. 

                                                           
9
 State of Australian Cities 2011 



 

7 

 

In further discussions in this paper, an END city is taken as having a population of 100,000. However, 

as the population expands, this size may become impractically small, and it may be expedient to plan 

for larger cities of say 400,000 or more. The following table gives the number of 100,000 sized cities 

to 2061, with a rate of population increase of 2% per annum, as was the case for Melbourne in 2010. 

Cities may be planned to expand over 30 years or more, but it is important to plan basic 

infrastructure to cater for the maximum that is determined. A suggested number based on a 

maximum size of 700,000 is given. With Suggestion 2, three cities might be started in 2012. Each 

would have a population of approximately 235,000 by 2021 to make up a total of about 700,000, 

then they would expand to 600,000 each by 2031 to accommodate 1,800,000, and would reach their 

maximum of 700,000 each soon after. By 2041 another three cities would have been started, 

accommodating a total of 3x700,000+3x335,000=3,105,000. And so on until by 2061 there would be 

a total of 10 cities accommodating around 6,800,000. 

 

YEAR 2021 2031 2041 2051 2061 

Total Population in END cities,                     x1,000 700 1,800 3,100 4,800 6,800 

No. of END cities of 100,000 7 18 31 48 68 

Suggestion 1 combination based on 700,000 max. 2 2+1=3 3+2=5 5+2=7 7+3=10 

Suggestion 2 combination based on 700,000 max. 3 3+0=3 3+3=6 6+2=8 8+2=10 

 

Table 2.2 – Number of END cities to 2061 

 

2.6 Characteristics of END Cities 

As discussed earlier, the main purpose of END cities is to contain or halt the urban sprawl of capital 

cities. They do this by absorbing the growth that would otherwise occur in the capitals, and they 

must do this in an economical and sustainable manner. END cities will only grow if they can generate 

business opportunities and so jobs which will attract people. In order for them to do this they will 

have to offer incentives to business that are greater than the attraction offered by the urban sprawl 

through agglomeration as discussed in 2.4 above. Some of these incentives are – 

1. Lower land costs in areas which are still rural 

2. Lower infrastructure costs through compact development, this resulting in lower rates and 

service costs for water and waste disposal 

3. Lower costs for energy both electrical and thermal 

4. Reduced emissions and hence lower carbon tax 

5. Lower transport costs through compact and planned development 

6. The possibility of developing new industries which would be unviable in a conventional 

setting 

7. Better amenity through environmentally sustainable design, and comprehensive town 

planning. This would constitute an added non-economic attraction to people and so enhance 

the availability of labour. 
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To gain these advantages, END cities must be planned carefully before construction, and planned to 

an approximate maximum limit so that infrastructure is never overloaded. This limit should 

incorporate some flexibility to cater for unforseen future developments. A discussion of the above 

items is as follows:- 

Item  1- This is self explanatory, though the cost of land may rise as the city matures. 

Item 2- Rates reflect the cost of building and maintaining infrastructure such as roads and 

pavements, sewerage and solid waste disposal systems. Costs of services such as the provision of 

water supplies and distribution through a network of pipes are reflected by the cost of water in 

cents per unit. All of these costs are dependent to a large extent on the distances involved, hence 

since END cities are compact, shorter distances and hence lower costs are assured. Also, END cities 

can be designed to be essentially self sufficient for water through the use of water recycling and 

storm water collection. Hence much of the cost of large external reservoirs and connecting pipelines, 

and desalination plants can be avoided. It should be noted however that approximately 30% of all 

water used for residential, commercial and industrial use is potable and hence cannot be recycled 

water. Where this water is not available locally it would have to be piped to the city from an external 

source, but this would be much cheaper than having to supply the full amount. Refer to Section 3 of 

this Paper for a discussion of water supply. 

Item 3- The cost of energy reflects capital costs of generating plant and transmission and distribution 

systems, the cost of fuel and efficiency of generation, and losses in the distribution systems. One of 

the key characteristics of END cities is that they would employ co-generation, that is, the utilization 

of the waste heat from electrical generation for the provision of most of the thermal energy 

required by the city in industrial, horticultural, commercial and residential heating. It is estimated 

that using co-generation, the efficiency of energy utilization in electrical power generation can be 

more than doubled, depending on the number and mix of thermal consumers. This means that in 

general no ‘new’ fuel need be burned beyond electrical generation to supply thermal requirements, 

except for very high temperature processes such as ceramics and cement making. Hence, energy 

costs would be greatly reduced, providing a significant advantage to high energy consumers such as 

food processors, abattoirs, green house horticulturists, and pharmaceutical and chemical plants. 

The fuel used for electrical generation would be natural gas, and though this is more expensive per 

unit of energy than coal, the doubling of efficiency more than makes up for this. Because electrical 

energy would be produced locally, there would be no transmission losses as is the case at present in 

Victoria where most of the electrical generation occurs remotely in the Latrobe valley. 

Also the capital cost of large transmission lines from a remote point would be avoided, though 

interconnection with relatively low capacity lines would be necessary to provide a distributed 

electrical system which ensures reliability of supply to the whole State. END generating plant would 

normally be of the combined cycle gas/steam turbine (CCGT) type. Capital costs for this type of plant 

would not be as high as for large conventional coal fired steam turbine plants and electrical 

efficiency when operating in maximum electrical mode would be better.  Capital costs to end users 

of thermal energy would also be reduced since there would be no need for local boiler plant. This 

however would be offset to some extent by the cost of distribution pipework from the central 

cogeneration plant to the point of use. Refer to Section 4 of this Paper for further discussion of 

energy generation and distribution. 



 

9 

 

Item 4- Reduced emissions flow from the doubling of efficiency use. All of the emissions resulting 

from the burning of fuel for thermal use are eliminated or greatly reduced. Thus the payment of 

carbon tax on these emissions is largely avoided for most end users. For the electrical energy 

suppliers, the avoidance of these emissions by thermal users can probably be claimed as a carbon 

credit. Also as a benefit to energy suppliers is the fact that the burning of natural gas produces 

considerably less green house emission than does the burning of coal. CO2 emissions for natural gas 

are 50.3 gm/MJ, while for bituminous coal they are 88.13 gm/MJ and for brown coal or lignite they 

are 92.43 gm/MJ10. Refer to Section 4 Cl. 4.11 for further discussion on emissions. 

Item 5- Transport costs are reflected mainly by distance travelled and time taken for trips. Because 

END cities are compact, travel distances and times of travel are reduced. In addition, because they 

are planned, times are further reduced by the elimination or vast reduction of congestion. 

Item 6- END cities can bring about reduced energy and service costs. Some industries which are 

heavily dependent on energy and which might not be viable in the State, could receive a sufficiently 

large advantage from this quarter to make them viable. An example might be aquaculture for the 

production of warm water fish. The availability of cheap thermal energy in Victoria could make an 

enterprise of this type viable. 

As discussed in Item 2, a major feature of END cities is to recycle water. In order to do this, waste 

water must be treated to achieve a Class 1 standard. The least expensive way to treat waste water 

both in terms of first cost and operating costs is to use biological methods, as discussed in Section 3 

of this Paper. A by-product of this treatment is a plant containing large quantities of high quality 

protein which can be used for the production of food for fish, poultry and animals such as pigs and 

cattle. The availability of this plant can be a catalyst for the establishment of fish, poultry and animal 

husbandry industries. 

Item 7- Because END cities would be planned carefully from the outset, good environmental design 

and town planning could be incorporated. This could make cities attractive with parks, gardens, 

open spaces and streams and ponds. Residential and commercial centres could be made interesting 

and lively. These features would add amenity to the cities and so attract people to live there. 

 

 

2.7 Population Density of END Cities 

Although all cities benefit from compactness because of shorter lengths of infrastructure such as 

roads, sewers etc., there are a number of factors specific to END cities which place additional 

emphasis on compactness. These include collection of storm water to central points, the recycling of 

waste water which requires an additional pipe, and the distribution of thermal energy which 

requires an additional 2 pipes for heating, or an additional 4 pipes for heating and cooling. Using 

existing standards of acceptance in the Australian context, it is estimated that for a city of 100,000 

an area of about 37 sq.km would be needed, about 2,700 people/sq.km. For purposes of 

comparison, the City of Port Phillip, an inner suburb of Melbourne, has a population density of 
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4725/sq.km.11. It should be noted that Port Phillip has one of the highest proportion of flats and 

apartments in Melbourne11. Also, the area of industrialised land in Port Phillip is in the lowest one 

third of all 31 regions in the Melbourne metropolitan area12. For the whole Melbourne SD 

(metropolitan area), density in 2010 was 530/sq.km13. These figures indicate that the density for 

END cities would be considerably higher than for Melbourne as a whole, but still below the more 

densely populated areas. 

The following table gives the suggested breakdown of areas allocated by use for an END city of 

100,000, and the basis for the allocation 

CATEGORY AREA 

ha 

BASIS 

Low den. housing 840 15 dwellings/ha. Detached houses 

Med. den. housing 630 30 dwellings/ha. Terraced, 2&3 story. 50sq.m back yard 

High den. housing 90 120 dwellings/ha. 4-7 story apartment buildings 

Commercial 150 4% of total area. Wikipedia suggests up to 5%. Braddon ACT 2007 

Commercial Study approx 12.5 sq.m per person 

Industrial 430 DPCD Urban Development Program Annual Report 2009 - 

Melbourne 

Open parkland 800 Vicurban Aurora development, 20% of total. 800 ha includes sports 

fields 

Main Pondage 250 Power station cooling for 220MW based on Hazlewood power 

station requirements, & 2 years irrigation with no rain 

Biological 

Treatment Pondage 

60 24 day retention time. Skillicorn et al 1993; D.Willett – Duckweed-

based Wastewater Treatment Systems – Q’land Dept Prim Ind 

Education 140 Vicurban Aurora; Monash Uni. Clayton; Holmesglen TAFE 

Health Care 10 Northern Hospital, Epping Vic 

Horticulture and 

Aquaculture 

50 Estimated 

Plant area 50 Estimated – Allows for energy, water & garbage treatment plants 

Agriculture 200 Estimated – Allows for poultry, piggery, fodder production 

                          Total 3700  

 

Table 2.3 – Area Allocation for an END City of 100,000 

 

Residential areas are based on the Australian 2026 population, household and family projections14 

for medium Series B growth. These figures are summarised in Table 2.4 together with the 

assumptions of people per household and an estimate of number of households in each category. 

The total number of households amounts to around 11,264,000 and this corresponds to 41,350, say 

42,000 for an END city with a population of 100,000. 

                                                           
11

 Water Plan Toward a Water Sensitive City – City of Port Phillip. ABS 3218.0 Regional Population Growth, 

Australia (for 2010, Victoria) 
12

 From DPCD Urban Development Program Annual Report 2009 
13

 ABS 3218.0 Regional Population Growth, Australia ( for 2010, Victoria) 
14

 State of Australian Cities 2011, Fig. 2.11 
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‘Couples with children’ plus ‘group and other’ form about 30% of all households, and it is taken that 

these would live in predominantly low density (15 dwellings/ha) housing. ‘Couples with no children’ 

plus ‘one parent families’ form about 45% of households and these are taken to live in medium 

density (30 dwellings/ha) housing. ‘Lone person’ households form about 25% of households, and 

these are taken to live predominantly in high density (120 dwellings/ha). Areas shown in Table 2.3 

are based on these proportions, for example, with ‘couples with no children’ plus ‘one parent 

households’, medium density area = 42,000x0.45/30=630 ha. It is interesting to note that 

households in modern times are becoming smaller, with slightly more lone person than couples with 

children households. This tendency places greater demands on all resources, especially dwellings, 

water and energy. END cities with their compact layouts and great efficiency of resource utilization, 

assist greatly in accommodating this trend. Examples of low, medium and high density construction 

are shown in Figures 1-3. 

 

Type of 

Household 

Total people 

Aust 

People per 

H’hold 

Number of 

H’holds Aust 

Number of H’holds END 

City of 100,000 

Couples, no 

children 

  7,000,000 2  3,500,000 12,600 

Couples with 

children 

 11,500,000 2+1.8=3.8  3,026,000 18,900 

One parent 

families 

   3,500,000 1+1.8=2.8  1,250,000 Incl. with couples with no 

children 

Lone person    3,050,000 1  3,050,000 10,500 

Group and other    2,190,000 5     843,000 Incl. with couples with 

children 

Total 27,240,000  11,264,000 42,000 

 

Table 2.4 – Estimated number of Households for Australia and END city of 100,000, based on Series 

B (medium) Population Growth 

 

The cost of housing is greatly dependant on the cost of services such as roads, water, sewerage, and 

energy. Through compact design the END model minimises all of these, with savings in the order of 

$30,000 per home15. The above figures show that around 70% of households would live in medium 

density housing and high density apartments, and 30% in low density housing of 15 dwellings/ha. 

Land area for medium and high density dwellings, per dwelling, works out to be about one third of 

that for low density dwellings. Thus cost of land should be at least halved, contributing a further 

reduction of about $90,000 per dwelling. The cost of building in two story terraced housing and in 

apartment buildings should be less than for detached housing but assuming there is no change, 

savings per dwelling in infrastructure and land costs would be about $30,000+$90,000=$120,000. 

The Melbourne median house price in 2010 was $524,50016, and savings would amount to 23% of 

                                                           
15

 The Age 17/07/09 – ‘$40 bn price tag for urban sprawl’ 
16

 http://www.simplesustainable.com/topic/2463-melbournes-median-house-prices-vs-wages-1965-2010/ 
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this. This is a significant saving and with innovative ways of constructing medium and high density 

housing savings should be even greater.  

 

 

 

Fig 1 – Typical Low Density Housing 

 

 

Fig 2 – Typical of Medium Density Construction – Terraced, 2 Story 
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Fig 3 – Typical High Density Construction 

  

2.8 Social Factors Affecting Population Movements 

The underlying reason for the establishment of the alternative END model, is to reduce population 

pressures on existing large agglomerations such as Sydney and Melbourne, and so eliminate or 

reduce the growth of the associated economic and social costs which are becoming so problematic. 

Thus there will have to be a transfer of population from the large cities to the END cities if the 

population growth of the former is to be curtailed. The main positive driver for this transfer is seen 

to be mainly economic as discussed in Cl.2.1 and elsewhere it this paper in relation to jobs and 

housing costs. Another driver is amenity, - the pleasantness that can be achieved through good 

urban design, where due consideration is given to setting and proximity to the natural environment 

through use of parklands, open spaces, lakes and streams. Another is the liberation from traffic 

congestion, and associated pollution, smog, stress and health issues. 

However, there are negative factors that work against people transfer, factors which must be 

acknowledged and compensated for, if transfer is to occur successfully. One of these is that people 

like to live near family and friends, and are not inclined to move to another city unless there are 

compelling reasons. Another is that people like to live in large cities which offer cultural diversity e.g. 

arts, sports, theatre, and religious affiliations. And then there is plain inertia which resists moving to 

a new place where factors such as climate, and educational, health and financial services are 
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uncertain. Another negative factor could be opposition from the ‘seed’ community into which the 

move is taking place, which might resist what is perceived as intrusion from outside. 

These negative factors which would oppose population transfer are real, and strategies to 

compensate for them are necessary if the END model is to be adopted. Some suggested strategies 

are as follows- 

1. Education and Promotion. The positive factors of job opportunity, no congestion, pleasant 

amenity, and natural environment should be promoted and advertised. The fact that the 

END program is holistic and comprehensive and necessary to the attaining of a sustainable 

society into the future, for the economic and societal wellbeing of citizens and the nation as 

a whole should be emphasised. 

2. Provision of Cultural Incentives. These might include enhanced provision for special interests 

such as theatre and sport. Educational facilities such as Universities and TAFES could be 

supplemented with special facilities such as business and agricultural colleges and driving 

schools. Historical aspects of the ‘seed’ community such as mining and forestry could be 

developed into tourist attractions.  

Modern communities require vibrant city centres with theatres, cafes, restaurants, and 

entertainment and public gathering areas, all interspersed with retail outlets. These can be 

designed into the END cities, and would gradually be built as the cities develop. 

The provision of cultural incentives should be part of the promotion program. 

3. Provision of Economic Incentives.  Initially incentives such as reduced land taxes, home 

building subsidies and reduced motor vehicle registration could be considered. These would 

be applied until the cities are sufficiently developed to attract outside population on the 

strength of their inherent economic and social advantages. 

There is little doubt that once END cities are established for a few years their economic advantages 

and their amenity will promote them. However, initially special efforts will need to be made to 

ensure their establishment. The cultural incentives suggested above will assist greatly in this early 

phase, but they are good and desirable per se, and should be considered as part of the requirements 

of a modern city. It is worth noting that these cultural advantages are more easily attainable in a 

larger city, and this tends to promote the establishment of cities with populations in the order of 

700,000. 
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SECTION 3 

WATER  STORM WATER AND WASTEWATER 

 

3.1 How Water is Used and how it Can be Saved 

Water is a crucial resource for any agglomeration of people, and lack of it will be a major limiting 

factor to growth. In residential and commercial applications water is used for drinking, cooking, 

bathing, laundering, sanitation, watering of gardens, general cleaning, washing of cars etc. In 

industrial applications, in addition to these, it is used for process, cooling, and large scale cleaning of 

factories, equipment, fleets of vehicles etc. For agriculture and horticulture water is used for 

growing crops, vegetables and fruit. Water is used in aquaculture for commercial fisheries, and in 

animal husbandry applications such as poultry farms and piggeries. Water is also used for fire 

fighting and in cooling towers. 

The practice generally used in most cities, is to pipe high quality potable water for all of the above 

uses, water which meets the standards required for human consumption. It is recognized however, 

that most of these uses do not require water to such a high standard, and this opens the way to the 

use of recycled waste water and storm water so that the larger part of present usage can be saved. 

At present recycling is used to a limited extent, but because of water shortages in Australian cities 

due to recent prolonged droughts and climate change, the practice is gaining acceptance. The 

Melbourne Eastern Treatment Plant (ETP) treats an average of 330 million litres, i.e. 330 ML of water 

to Class C Standard1 per day, or 120,450 ML per year. Of this in 2009/10, only about 6,300 ML, or 

about 5% was recycled for offsite use. About 5,000 ML of this went to the TopAq plant for further 

processing from Class C to Class A, which is used for horticulture, open space irrigation, industrial 

processes and dual pipe residential developments. The other 1,300ML is used as Class C for 

agricultural and horticultural activities and watering golf courses and sports grounds. The remaining 

95% of the plant output is discharged to sea at Boags Rock on the Mornington Peninsula. This is a 

great waste of a valuable resource, but the ETP is presently being upgraded so that all effluent will 

be to Class A standard by late 2012, thus making the existing TopAq plant redundant. This upgrade 

will vastly increase the potential for recycling. 

The situation at the Melbourne Western Treatment Plant (WTP) which uses biological lagoon 

treatment is a little better. Here about 485 ML of waste water is treated per day2 or about 177,000 

ML per year. Of this, in 2009/10 about 37,000 ML or about 21% of the total plant output was 

recycled3. This was made up of about 24,000 ML of Class C effluent for onsite pasture irrigation, and 

about 13,000 ML of Class A effluent supplied to offsite customers. In addition to this, use was made 

of about 17,000 ML for conservation purposes in wetlands, making the total use of effluent about 

30%. The remaining 70% of the effluent, which is to Class C standard, is discharged into Port Phillip 

                                                           
1
http://www.melbournewater.com.au/content/water_recycling/using_recycled_water/using_recycled_water_

in_melbournes_east.asp 
2
http://education.melbournewater.com.au/content/sewage_and_recycling/western_treatment_plant/wester

n_treatment_plant.asp 
3
http://www.melbournewater.com.au/content/water_recycling/using_recycled_water/using_recycled_water_

in_melbournes_west.asp?bhcp=1  
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Bay under an accredited EPA licence. Even though 30% of the effluent is used, only about 7% is 

actually recycled to offsite customers. However, the WTP case illustrates that good use can be made 

of sewerage effluent for pasture irrigation and conservation of wetlands and waterways. 

 Even though there is considerable potential to increase the use of offsite recycled water in 

Melbourne and generally in all of the Australian capital cities, this potential can only be utilized on 

new development sites as it is uneconomical to install a second water distribution pipe in existing 

developments. Also, because treatment plants are gravity fed and so are at the lowest point of the 

catchment, an impediment to large scale recycling is the high energy cost incurred in pumping the 

water upstream of the plant4. The first limitation does not apply to END cities, which being new, will 

be planned and fitted with the second pipe as they are being built. The second impediment will 

apply to a much smaller extent, because even though the sewerage treatment plants must still be at 

the lowest point, the footprint of compact END cities is much less than for conventional cities, hence 

reducing the amount of fall needed by the sewerage pipework. Thus, as will be shown later in this 

Section, END cities can save about 70% of water which is presently used per capita. In addition, 

because storm water is harvested and the surface area of the cities is highly impervious, there will 

be large surpluses for the purposes of agriculture, irrigation of pastures, and conservation of 

waterways. 

The source of the approximate 30% non-recycled or potable water for END cities may be local if the 

local catchment conditions are suitable. If they are not, then water will have to be piped in, though 

in relatively small quantities. As mentioned in Section 2 of this Paper, it would be advantageous for 

reliability and security, to have a distributed system of supply. This would have END cities 

interconnected so that failure of supply in one area can be compensated by excess supply in other 

areas. 

It is important in planning the supply of such a major resource as water, to consider it in conjunction 

with other communal requirements. For example, water is required for the cooling of power stations 

and irrigation. The planning of power stations and the supply of water should be considered 

together, and not in isolation. It will be shown later that the pondages required for the collection of 

stormwater can be used for the cooling water required by the power station condensers. Another 

example is the treatment of stormwater and wastewater in conjunction with agriculture, 

horticulture and animal husbandry. The degree of treatment can be tailored to meet the 

requirements of the end user, so that water is not over treated, as demonstrated by the WTP where 

Class C water is used for pasture irrigation, and Class A for distribution to commercial offsite 

customers. Collaboration and overall planning is an integral part of the establishment of END cities, 

in full accordance with the key conclusions and principles of the International Water Association5 

 

3.2 Water Quality Standards 

Water is a scarce commodity and has value, regardless of quality. To utilize it effectively and 

economically, its quality must be improved as little as possible to satisfy a demand. The highest 

                                                           
4
 WSAA Paper No 25 July 2010 – Case study, Recycled water in Australia 

5
 IWA Cities of the Future Program  September 2010 
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quality of water that is normally needed in an urban environment is water suitable for drinking, 

called potable water. To produce the highest quality water from the lowest quality source, raw 

sewerage or waste water, is an expensive process both in terms of capital and energy costs, akin to 

the desalination of sea water. But even if this were economically viable, there is in the Australian 

context a strong aesthetic reluctance to accept water so treated, no matter how good its quality can 

be scientifically proven to be. This attitude may change with time, but at present there is no public 

acceptance of it. The use of waste water or storm water is acceptable however for many other 

applications, and it is simply a matter of determining the standards required, and treating the water 

to meet these standards. As mentioned above approximately 70% of present water usage can be 

saved if recycled waste or storm water is used on a large scale. 

Properties of water that must be considered for any particular use are its pathogen content, its 

turbidity or clarity, its suspended solids content, its pH or acidity, its residual ability to disinfect or kill 

off pathogens after it is treated, its BOD (Biological Oxygen Demand) or oxygen required by 

microorganisms present in the water to oxidise the organic matter in it to carbon dioxide gas and 

water, and its nutrient content of phosphorus and organic nitrogen. Its toxicity and heavy metals 

content must also be considered, but for urban sewerage for which trade waste disposal is well 

controlled, this is not normally of concern. 

Generally, water and health authorities are mainly interested in the health aspect of water in 

relation to humans and animals, and this is determined primarily by the pathogen content. Risk 

assessments have been made on water with differing levels of pathogens, and from these, four 

classes of water and their possible ‘fit for purpose’ uses have been standardised. These standards 

are established and enforced by state environmental protection authorities. In Victoria the authority 

is EPA Victoria, which sets out its requirements in a publication6. Other states have an equivalent 

and are generally in conformance with unifying Australian guidelines7. These guidelines are risk 

based, and procedures on how to assess the risk of various hazards are set out. A set of guidelines 

published by Australian and New Zealand authorities8 covers urban and marine environments, the 

latter being relevant for aquaculture, which will be a possible industry in END cities. 

For urban and agricultural use, Victorian EPA requirements and acceptable uses for the four classes 

standardised as set out in Table 1 of its publication6 are summarised in Table 3.1. Note, nutrient 

content is not specified, though this may be required in some cases, for example in industrial use, 

where particular chemicals may present a hazard in certain processes. Where special hazards such as 

nutrients, toxicity, heavy metals, salinity etc exist for any application, a risk assessment in 

accordance with the Australian Guidelines7  to suit that application must be made. 

For urban applications where recycled water is distributed in parallel with potable water through a 

second pipe, a number of measures must be taken to ensure safety and to inform the plumbing 

industry and public as to how systems should be installed and how they operate. Guidelines are set 

out by the EPA for each State as in Victoria.9 These publications discuss metering, monitoring, and 

                                                           
6
 Guidelines for Environmental Management - Use of Reclaimed Water - Publication 464.2 

7
 Australian Guidelines for Water recycling: Managing Health and Environmental Risks (Phase 1) 2006 

8
 Australian and New Zealand Guidelines for fresh and marine water quality 2000 

9
 Dual Pipe Water Recycling Schemes – Health and Environmental Risk management – EPA Victoria Publication 

1015 
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control measures to be taken normally and in hazardous events. Urban distribution can utilize Class 

A water only, and a list of acceptable uses is given. These are summarised in Table 3.3. With END 

cities, storm water is treated in a central pond (see Fig 1.1) and it may be possible to modify or 

eliminate the precaution listed in Table 3.3 which asks to avoid recycled water runoff to the storm 

water system. 

 

Class Water Quality objectives Range of Uses 

A • < 10E.coli org/100ml 

• Turbidity <2 NTU 

• <10/5 mg/L BOD /SS 

• pH 6-9 

• 1 mg/L Cl2 residual 

 

Urban: (non-potable) uncontrolled public access 

Agricultural: eg human food crops consumed raw 

Industrial: open systems with worker exposure potential 

B • <100E.coli org/100mL 

• pH 6-9 

• <20/30 mg/L BOD/SS 

Agricultural: eg dairy cattle grazing 

Industrial: eg wash down water 

C • <1000E.coli org/100mL 

• pH 6-9 

• <20/30 mg/L BOD/SS 

Urban: (non-potable) controlled public access 

Agricultural: eg human food crops cooked/processed, 

grazing/fodder for livestock 

Industrial: no potential worker exposure 

D • <10000E.coli org/100mL 

• pH 6-9 

• <20/30 mg/L BOD/SS 

Agricultural: non-food crops incl instant turf, woodlots, 

flowers 

 

Table 3.1 – Quality Guidelines Classes A,B,C,D effluent 

The analysis of water (Table 3.2)  discharged from the TopAq plant mentioned in section 3.1 above 

which produces a Class A effluent, shows that the quality of modern plants can easily meet the 

guidelines, in fact producing water to almost potable standard. The proposed biological plus 

disinfectant treatment for END cities would produce a comparable quality, but without most of the 

nutrients, which would be harvested and used for animal and fish food. The analysis was obtained 

through private correspondence with South East Water.10 

 

Parameter Median Limit Measured Median 

Total Chlorine >1 mg/L 3.9 

Turbidity <2 NTU 0.01 

BOD <10 mg/L <2 

E.coli <10 org/100mL 0 

Suspended Solids SS <5 mg/L 1.0 

pH 6-9 7.3 

Potassium No limit mg/L 16 

Total Nitrogen No limit mg/L 12.6 

Total Phosphorus No limit mg/L 4.8 
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 Eastern Irrigation Scheme – Point D Compliance Monitoring Summary, April – June 2011 
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Viruses <1 org/mL <1 

Table 3.2 – Effluent Quality TopAq Plant 

 

Potential Use Environmental and Other Precautions 

Residential  

Garden watering including vegetables Risk assessment 

Car washing Avoid runoff to storm water system 

General outdoor use eg wash-down/construction Avoid runoff to storm water system 

Ornamental ponds/water features Management controls required 

Toilet flushing Aesthetics 

Washing machines Public acceptance, aesthetics 

Commercial/Industrial/Municipal  

Irrigation Risk assessment 

Construction Avoid runoff to storm water system 

Wash-down Avoid runoff to storm water system 

Dust suppression Avoid runoff to storm water system 

Cooling towers Legionella control 

Toilet/urinal flushing Aesthetics 

Fire protection systems/hydrants  

 

Table 3.3 – Acceptable Urban Uses for Class A Effluent 

The same guidelines state that Class A recycled water is not considered acceptable for the following 

uses: 

• Drinking 

• Cooking or other kitchen purposes 

• Bathing and showering 

• Filling domestic swimming pools and spas 

• Children’s play toys 

According to Melbourne Water11, about 60% of urban water use is residential, 30% commercial and 

industrial and 10% ‘non revenue’ (fire fighting, leaks, meter inaccuracies etc.). From this and private 

correspondence from South East Water, it is estimated that about 70% of all urban water use can be 

recycled Class A. Thus without the limitations and impediments of use which are inherent in 

conventional urban sprawl development, the END model can make highly significant reductions to 

water use. In addition, through the harvesting of storm water large quantities of water can be made 

available for agriculture, horticulture and aquaculture 

 

3.3 Water Usage Ouantities 

Usage of water in Australian cities has generally been decreasing. For example, in Melbourne, 433 GL 

was used in 2003-04, dropping to 402 GL in 2006-07, and to 360 GL in 2008-09, in spite of a 
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 Melbourne Water -  Water use at home, daily use for Melbourne 
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significant population increase in that time12. With a population of 4.00 million in 2009, this equates 

to a daily per capita consumption of 247 L. This may decrease even further with public awareness of 

water scarcity and the use of water saving devices, and the increasing cost of water as capital and 

operational costs of infrastructure such as desalination plants and pipelines begin to be reflected in 

water bills – refer to Section 1 Cl.1.2 for discussion on this aspect. 

For the purposes of this study, a daily consumption the same as for 2009 or approximately  250L per 

person has been used, this being broken down to 75 L for potable (30% as discussed above) and 175 

L for non-potable Class A. These quantities are for all residential, commercial and industrial use. 

Because the potable water is imported from a source external to the city, perhaps from the upper 

reaches of a stream going through it, or piped in from another area, there is a surplus after having 

made allowance for losses, and this surplus may be used for horticulture and aquaculture. If this is 

insufficient to meet demands, then water may be drawn from the storm water pond. Refer to Fig 3.1 

for a schematic layout of the water system, which indicates annual water flows. Fig 3.1 shows some 

water for horticulture and aquaculture as being drawn from a Class A source, where UV/Chlorination 

is provided, and some where it is not provided. This will vary with the mix of uses and it may be 

necessary in some cases to install another UV/Chlorination plant. 

 

3.4 Storm water – Collection and Quality 

The amount of storm water that can be harvested depends on precipitation and the degree to which 

the surface of the city is impervious. Storm water may be collected off roofs or it may be collected 

off roads, streets and open areas. Urban street runoff collects contaminants as it passes over roads 

and other surfaces, these being litter, grit, dust and other solids, chemicals, oils and greases, and 

pathogens which may come from environmental sources or leaked sewerage. Roof water is generally 

of a much better quality than street runoff, and is generally used locally at the building from where it 

is collected, for purposes such as toilet flushing, laundry and garden use. In the context of this study, 

roof water is not used because it is proposed that Class A recycled water be used for these purposes, 

distributed through a second pipe as discussed above. Street runoff is thus the form of storm water 

collected in this study, and must be harvested such that health and environmental risks are 

minimised. National guidelines for water recycling7 have been drawn up as Phase 1 of a series of 4 

documents. Phase 1 provides a risk management methodology, and focuses primarily on reuse of 

wastewater and grey water. The reuse of storm water is covered by Phase 213, which is an extension 

of Phase1, and is intended to provide guidelines for health and environmental risk management. 

Phase 2 does not address potential benefits and limitations of recycling schemes, the sizing of 

schemes to meet project objectives, or water sensitive urban design (WSUD). Phase 2 guidelines are 

not mandatory however, and alternative risk management approaches may be used if equivalent 

outcomes are produced. In Victoria it is now a statuary requirement that urban stormwater 

management systems for all new residential subdivisions be designed and managed to meet current 

best practice environmental management (BPEM) objectives14. The statutory policy for Victoria is 

entitled ‘State Environmental Protection Policy – Waters of Victoria’, which is part of the 
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Environmental Protection Act (1970), and hence under the jurisdiction of EPA Victoria. The BPEM 

objectives adopted by EPA Victoria are as given in the CSIRO (2006) guidelines14, and are 

summarised as follows:- 

Suspended solids (SS)  80% retention of the typical urban annual load 

Total phosphorus (TP)  45% retention of the typical urban annual load 

Total nitrogen (TN)  45% retention of the typical urban annual load 

Litter    70% retention of the typical urban annual load 

Flows    Maintain discharges for the 1.5 year ARI at pre-development levels 

Essentially, these are the objectives of control measures used to ensure that storm water discharged 

into water ways has an acceptable environmental impact. 

In addition to quality and flows, the CSIRO guidelines also cover water sensitive urban design 

(WSUD), whose objectives as stated by the guidelines are:- 

1. Protect natural systems – Protect and enhance natural water systems within urban 

developments 

2. Integrate stormwater treatment into the landscape – Use storm water in the landscape by 

incorporating multiple use corridors that maximise the visual and recreational amenity of 

developments 

3. Protect water quality – Protect the quality of water draining from urban developments 

4. Reduce runoff  and peak flows 

5. Add value while minimising development costs – Minimise the drainage infrastructure cost 

of development 

These objectives mesh well with the END model where environmental harmony and visual amenity 

are key characteristics. In relation to Item 4, the intent of the END model is to harvest as much storm 

water as possible in order to supply irrigation for agricultural and horticultural use. Thus, though 

peak flows should be reduced by local detention basins, as much of the runoff as possible should 

find its way to a central basin which serves as a cooling pond for the power station and as a source 

of irrigation water. Thus there may be a requirement for more concrete channels and pipework than 

in a conventional development that incorporates WSUD methods. 

Conventional WSUD relies to a large extent on filtration of storm water by vegetation in retention 

basins, grassed areas and swales to achieve the retention of solids and nutrients required by the 

guidelines as summarised above. These however absorb a considerable proportion of runoff, 

thereby reducing the quantity harvested. With the END model, quality is achieved primarily through 

storage in the central basin, where suspended solids, total phosphorus and total nitrogen are 

reduced mainly through sedimentation. Depending on the hydraulic loading of the basin, which is a 

function of the area of the pond and the flow through it, the retention of the pollutants can be 

determined15. For an END city of 100,000 people with an area of 3,500 ha, (Ref Section 2) in a region 

with a rainfall of 600mm per year, and with a basin adequate for the generation of 165MW of 
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electric power on base load, it is estimated that retentions are as shown in Table 3.4. Pollutant 

loadings for the incoming storm water are typical for urban runoffs16. 

Pollutant Loading mg/l  EPA Required Retention Basin Retention 

Suspended Solids (SS) 158 80% 80% 

Total Phosphorus (TP) 0.35 45% 60% 

Total Nitrogen 2.6 45% 50% 

 

Table 3.4 – Pollutant reduction, storage basin 

It as seen from Table 3.4, that the EPA requirements are exceeded, and that WSUD criteria can be 

met in an END city by storage alone. It should be noted that the area of pondage assumed in 

calculating retentions of pollutants is based on the required power station cooling requirements of 

50 ha. If the pondage is increased to provide storage for irrigation purposes then retentions will be 

even better. 

 

3.5 Wastewater – Quality and Quantities 

The intention with the END model is to treat wastewater to Class A standard with as much nutrient 

reclaim as possible. Toxins and heavy metals in the wastewater are minimised by the 

implementation of a trade waste disposal system similar to that used in most urban areas. The 

quality of wastewater entering Melbourne’s treatment plants, as advised through private 

correspondence by Melbourne Water, (average of ETP and WTP) is as follows (in mg/l):- 

SS (suspended solids) =400; TP (total phosphorus) =13; Total organic nitrogen  =26; Ammonia  =45 

The phosphorus and organic nitrogen contents are significant and if recovered economically can be a 

valuable resource for fertilizer and animal and fish food. Estimates of economically mineable world 

phosphorus reserves vary widely from about 70 – 150 years17, but with Australia able to at present 

supply only about half of its needs, it appears that this resource is of great importance. 

This study is based on 100,000 people each consuming about 250l/day (ref cl. 3.3 above). This 

requires a total supply of about 9,000 ML/year, about 90% of which or about 8,000 ML/year finds it 

way to the sewerage treatment plant through the sewerage system. 

 

3.6 Wastewater Treatment 

It is proposed that treatment of the wastewater is by biological, rather than by conventional 

mechanical means. The biological section of the plant is preceded by a litter removal screen and 

simple sedimentation tanks which remove up to 40% of material that is able to be settled. The 

effluent from this ‘primary’ treatment then enters the biological ‘secondary’ treatment process 
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which removes most of the BOD, suspended solids and nutrients. Finally the effluent enters a light 

disinfection ‘tertiary’ stage which removes any remaining pathogens to produce Class A quality by a 

combination of chlorination and UV treatment. The chlorination provides the effluent with the 

‘residual’ pathogen kill ability required by the EPA as shown in Table 3.1. Sludge from the settling 

tanks is digested anaerobically to produce biogas suitable for power generation, and fertiliser. 

The secondary section of the treatment process is what distinguishes the plant described here to a 

conventional one. Conventional systems use mechanical aeration to remove the BOD from the 

effluent. These systems are complex, and expensive in both capital and operating costs. Moreover 

they do not recover nutrients, which are generally discarded. The biological system proposed for the 

END model is Duckweed based18 19. Duckweed is a small floating aquatic plant belonging to the 

botanical family Lemnaceae. About 40 species of the plant have been identified around the world, 

many of which are found worldwide, though there are many which have adapted to the local 

conditions in specific areas and are found naturally in streams and waterways. Therefore when these 

are used in the treatment plants they are not noxious should they escape from the plant. Duckweed 

is free floating on the surface, tolerates pH levels between 4.5 and 8, (water is neutral with a pH of 

7), and thrives in temperatures between 25 and 31⁰C with a minimum temperature for growth of 

about 7⁰C20, depending on the species. At temperatures of about 32⁰C and above, heat stress sets in 

and production decreases rapidly. Production is reasonable at temperatures down to 17⁰C, but 

ceases at 7⁰C, though the plant does not die. If temperatures drop to below freezing the plants sink 

to the bottom of the treatment pond and remain inactive until warmer conditions return. Only in 

few parts of Australia would water surface temperatures rise to above 32⁰C – no adverse effects are 

reported by Willett19 in studies carried out for tropical Queensland. If this temperature is exceeded 

in hot arid regions, cooler deep water may have to be sprayed over the plants. For cool and cold 

regions, for example southern Victoria, water can be heated to maintain temperatures above 17⁰C. 

This does not present a problem with the END model, since ample condenser heat is available at no 

energy cost from the adjacent power station. Indeed, temperatures can be controlled at all times to 

between 25 and 32⁰C to maximise production and increase throughput of effluent. This heat would 

normally be dissipated in the main storage basin, but can be partially used to heat the wastewater 

by direct injection into it, ie, no heat exchangers are required. 

Duckweed wastewater treatment (DWT) systems can remove nearly all nutrients, dissolved solids 

and organic compounds in effluents, depending on their nutrient loading and detention times. Work 

carried out by Skillicorn et al18 shows that duckweed systems can comfortably meet EPA 

requirements as set out in Table 3.1, detention times being approximately 20-30 days. In this study, 

detention time has been taken at 24 days, as recommended in private correspondence by Bio-tech 

Waste Management21 (BTWM), a private company based in Armidale, NSW, which has carried out a 

number of sewerage treatment projects, and can supply equipment for DWT systems. 
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Skillicorn et al report that depletion of nutrients causes diminished duckweed growth. The starved 

plants then begin to process increasingly greater amounts of water as they search for nutrients, so 

causing them to absorb virtually every chemical present in the water, both organic and inorganic, in 

a polishing phase. This could produce water which is potentially drinkable if monitored and subject 

to further disinfection as required by the Australian Guidelines for water recycling22, to produce an 

effluent which conforms with drinking water guidelines as laid out by the Australian Government 

NHMRC and NRMMC23. DWT systems can provide complete waste water treatment just as do 

expensive mechanical systems which employ techniques such as ultra-filtration and reverse osmosis, 

but at a fraction of the capital and running costs18 . 

In this study for END cities it as not proposed that this polishing process be carried out since at this 

time there are community aesthetic concerns for the use of recycled water for drinking purposes. 

Also, the biomass produced in the polishing stage can have high concentrations of heavy metals and 

toxins, and might not be suitable as animal and fish food, which is a paying by-product of DWT. If at 

some time in the future recycled water for drinking does gain public acceptance, it would be prudent 

to add additional pondage for the polishing process, and harvest the duckweed from it only as a 

fertiliser. 

 

3.7 Wastewater Plant 

As mentioned in Cl. 3.4, the quantity of wastewater to be treated in an END city of 100,000 is about 

8,000 ML per year. With a recommended water level of 1m, and a detention time of 24 days18-21, a 

surface area of about 60 ha is required. It is suggested that this be subdivided into 3 basins each of 

20 ha, these being build progressively over the maturation period of the city, say 15 years. In order 

to achieve good contact between the duckweed plants and the nutrients in the water, a plug flow 

arrangement is required, ie a channel type of flow where the length of the channel is at least 10 

times the width20. These requirements can be met by having each basin about 280m wide and 715m 

long, with the width being divided into 5 plug flow channels such that each channel is 56m wide and 

715m long, giving a ratio of nearly 13:1. The floor of the basins would be lined to prevent seepage, 

and the walls would be of concrete to a height of 2-3m. The additional height accommodates surge 

conditions such as severe storms, when normal sewerage flows are greatly increased. Thus the DWT 

basins serve a dual purpose – treatment of wastewater, and buffer storage which is normally 

required in conventional treatment plants. The plug flow channels are formed with plastic dividers 

anchored to the floor. 

Duckweed is sensitive to cross winds, and if unprotected will be driven by the wind into heaps. This 

is easily overcome by using floating dividers which break up the surface into grids each about 50sqm. 

Harvesting of the duckweed is carried out by driving or pushing it to one end over a section of the 

wall whose height is adjusted to accommodate varying levels in the basins. These harvesting sections 

might normally be set at 1m, but if detention time is to be increased, they may be raised. When the 

wastewater is heated by directly injecting power station condenser water, these sections would be 
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raised so that detention time is maintained with the higher flow. In periods of surge flows, they 

might be raised to full height to provide maximum storage. In order to ensure that the quality of 

effluent from the plant remains at a consistently high standard, the effluent can be recirculated back 

through the duckweed basins if there should there be an upset of incoming wastewater quantity or 

quality. Refer to Fig 1 for a schematic layout of the system. Fig 1 shows the central storage/cooling 

pond as 50 ha. If this were increased to 250ha to a depth of 5m this area would provide sufficient 

irrigation storage for two years even if there were no rain for two years. An area of 50 ha would be 

sufficient to provide cooling for the power station and to treat incoming storm water to meet WSUD 

requirements. Fig 2 shows the barrier arrangement on the ponds which prevent the piling up of 

duckweed in windy conditions. 

 

Fig 1 – Potable & Recycle Water & Sewerage Schematic Diagram 
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Harvesting of duckweed is carried out mechanically either by self propelled jet type harvesters as 

shown in Fig 3, or by mechanically driven harvesters. In both cases the harvester pushes the 

duckweed towards the lowered section of the end wall, over the edge and on to collection trays on 

the ground below. The trays are picked up by tractors or forklifts and loaded on to trucks. The trucks 

transport the duckweed to driers where the moisture is evaporated from it, after which it can be 

pelletised for feeding to fish or combined with other materials for conversion to poultry or animal 

feed. Alternatively, the duckweed can be fed directly to fish, but it may be more convenient to 

palletise all of it in the one plant where specialised mixed fodder can be blended for all animals. 

 

 

Fig 2  - Floating Barriers in Duckweed Pond – Courtesy Bio-Tech Waste Wanagement 

 

3.8 Biomass Harvesting and Returns 

Duckweed biomass production increases as the crop density increase up to a limit when 

overcrowding inhibits reproduction of the plant. Hence it must be harvested regularly to maintain 

the optimum density. Reproduction rates vary with nutrient levels and climate, but Willett19 reports 

that in a pilot trial in Queensland, the base wet weight density of 1kg/sqm doubled on average every 

5.7 days and harvesting was scheduled weekly. This corresponds to a dry weight production of about 

36 tonnes per hectare per annum, with duckweed being about 93% moisture. This production rate 

should be possible in most climates with the END model since water temperature can be maintained 

at the optimum of about 30⁰C at no cost through the utilization of power station condenser heat. 

According to BTWM21 (Animal Feed), 1 hectare can produce 30 tonnes of dry weight per year, and 

this translates to 12 tonnes of very high quality protein, which sells at about $1,000 per tonne in 

2011. Hence, assuming the BTWM production rate, sale of duckweed from 60 ha grosses about 

$720,000 per year. From this must be taken the costs of harvesting, transporting and drying the 

product, but this can be done using power station reject heat in drying sheds, after about half of the 
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moisture is removed by simply allowing it to stand and drain for a day or so. It is estimated that 

about 16 people would be employed to harvest, transport, dry and pelletise the duckweed, and that 

income would cover costs. 

 

Fig 3 – Duckweed Mechanical Harvester – Courtesy Bio-Tech Waste Management 

Studies carried out by Rural Industries Research and Development Corporation24 (RIRDC) show that 

duckweed can be a high protein, vitamin rich feed supplement containing up to 43% crude protein, 

5% fat and highly digestible dry matter. A number of feeding trials were carried out on layer hens, 

ducks, sheep, fish and abalone. Results showed that duckweed can be an excellent supplement, with 

no adverse effects. It was estimated that a DWT plant serving a town of 20,000 could produce pellet 

containing 10% duckweed to supply a poultry farm of 50,000 to 60,000 laying hens. Translated to an 

END city of 100,000 a sizeable poultry industry of 250,000 to 300,000 laying hens could be supplied. 

Based on production figures by the Australian Government25 for 2005-6, 250,000 hens would be able 

to supply the city of 100,000 with 4 times the eggs that it uses, and would support considerable 

export. The industry would support about 60 people in full or part time employment, and would be 

worth about $7.5 million per year. Note, the duckweed component of the pellets would be a 

supplement only, and wheat and/or other food substances would have to be included in the pellets. 

However, the duckweed imparts an attractive golden colour to the egg yolks, making them highly 

marketable, thus encouraging the establishment of the industry. 

Duckweed is an excellent food for fish, and can thus help support an aquaculture industry. The latter 

can be associated with a horticulture industry in a synergetic way, where water from fish tanks can 
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be used to irrigate plants in green houses which extract pollutants and nutrients from it so that it can 

be recycled back to the fish tanks. 

 

3.9 Irrigation Water Quantities 

Irrigation water is mainly stormwater from urban runoff, augmented by excess waste water. As 

mentioned in Cl. 3.4, approximately 8,000 ML/year of wastewater enters the DWT plant. Of this an 

allowance of 30% of the volume of the basins is allowed for evaporation losses over a year26. This is 

conservative since Baillie estimates evaporation to be up to 40%. This includes hot tropical areas. 

Moreover, the duckweed covering on the surface of duckweed basins would reduce evaporation 

losses significantly. Thus the annual flow from the DWT is 7,800 ML/year. Of this 6000 is recycled 

back, leaving 1,800 ML/year excess which can be used for irrigation. 

Based on 600mm rain per year over the area of the END city, (3,500 ha – ref Section 2), 50% evapo-

transpiration losses, ground water losses based on a highly impervious catchment (61% impervious – 

same as for City of Port Phillip27 which has a similar population density), and pond evaporation losses 

based on the Hazlewood power station cooling pond, runoff into the central basin is estimated to be 

about 9,300 ML/year. If to this is added 1,800 ML/year of excess wastewater, and 3000 ML/year is 

released into the watercourse which provides the 3,000 ML/year potable supply, this leaves about 

8,100 say 8,000 ML/year available for irrigation, without altering the natural flow of the city potable 

supply watercourse. 

 

3.10 Effects of Irrigation in END Cities and  Total Water Supply 

In 2009-10, Victoria used 1,505 GL of water for irrigation28 applied over a total area of 440,000 ha at 

an average rate of 3.4ML/ha. Of this 1,042 GL originated in the Murray-Darling Basin28, and the rest 

mainly from surface runoff and ground water. Although statistics are not available, it is likely that 

most of this water is used for horticulture which includes fruit orchards. By 2031, if END cities were 

to absorb most of the population expansion of Melbourne after 2011, there would need to be 18 

new cities of 100,000 – ref Section 2. These would produce 144 GL of irrigation water per year, 

which equates to about 14% of the water currently being drawn from the Murray-Darling Basin in 

Victoria. As is shown later, this usage can satisfy much more than the increase in population to 2031, 

because of the increased efficiency of water usage. The Murray-Darling Basin is already under severe 

stress, and to cope with the increased demand in the future for food production, would be under 

even more stress. Increased efficiency of water usage can be gauged by case studies which have 

shown that tomato production using modern greenhouses is about 465% higher for the same 

volume of water consumed29 than that of field grown tomatoes, ie, only about 22% of the water is 

used. Also, because crops can be grown all year round in greenhouses, 1 ha of greenhouse is 
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equivalent to over 9 ha of field. The availability of low cost heating in an END city derived from reject 

heat from the power station, makes the use of modern greenhouses a logical selection on 

economical grounds. Also, the quality of the produce is superior, supply is more reliable over the 

whole year, and the product better meets security/health guidelines. 

For economical reasons not all horticultural products should be grown in greenhouses. Generally, 

the products grown are vegetables, flowers and berries. Fruit such as citrus, apples, pears, stone 

fruit, and tropical fruit, and nuts are best grown in traditional orchids. Also root vegetables such as 

carrots and potatoes, and sweet corn are more economically grown by traditional methods.  Table 

3.5 has been drawn up as a guide to indicate the products that would be grown in greenhouses. The 

table lists the products most likely to be grown in greenhouses, and the areas under cultivation in 

1996-9730, when the Australian population was about 18,311,00031. In some cases only 50% of the 

listed areas are taken since some of the products would be grown in the open field. The table also 

shows the areas scaled down for a population of 100,000. 

Product Total Aust. ha ha for 100,000 

Beans and peas   9,020(50%)   49.26 

Brassicas (eg broccoli, cabbage cauliflower) 13,910   75.96 

Cucurbits (eg cucumbers, pumpkin, zucchini)   4,670(50%)   25.50 

Leaf vegetables   6,040   32.98 

Nurseries   4,670   25.50 

Peppers   1,880   10.27 

Tomatoes   8,830   48.22 

Berry fruit   1,624     8.87 

Pyrethrum (flowers)      740     4.04 

Total 51,384 280.61 

 

Table 3.5 Crops areas under open field cultivation suitable for greenhouses 

As stated above, each hectare of modern greenhouse is equivalent to about 9 hectares of open field 

cultivation. But taking the equivalent to be only 8, then the number of hectares of greenhouses 

required to equal the production of open fields for an END city of 100,000 is 280.61/8=35 ha. This is 

for the selected products in Table 3.5 only. Other crops including fruit, nuts and root vegetables 

would be grown by open field methods. 

Victoria’s irrigation water is applied on average at the rate of 3.4ML/ha28. For greenhouse use, only 

22% of this, or 0.75 ML/ha is used, this amounting to 26ML for the 35 ha required. Compared to the 

8,000 ML/year available, this is negligible, and if it were applied at the same rate in an END city as it 

is in Victoria, the 8,000ML/year would support approximately 2,400 ha of agricultural land. Total 

horticultural land in Australia in 1996-97 was 297,224 ha30  composed of 136,787 ha for annuals and 

160,437 ha for perennials. Population of Australia in 1996-97 was 18,311,00031  and this scales to 

about 1620 ha for a city of 100,000. Since the available water supports 2,400 ha, it would be able to 

supply about 1.5 times (2,400/1620) the consumption of the END city, even at the normal average 
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rate of application, 3.4ML/ha, using open field methods.                                                                                                                            

Irrigation water is derived from surface runoff and ground water also, and this amounts to almost 

60% of the water from irrigation schemes28, but say 50%. If this is included, then on average, an END 

city could have 2,400x1.5 or 3,600 ha of irrigated agricultural land associated with it, land cultivated 

in traditional ‘open field’ fashion on irrigated land alone. But in Australia, only about 60% of 

horticultural land is irrigated32, since irrigation is not required for some crops in some areas because 

of natural rainfall. Assuming the same ratio in an END city, this would amount to a total of 

3,600/0.6=6,000 ha that could be associated with it. This amounts to over 3.5 times the area of 1620 

ha as determined above required to supply the city. Thus, if an END city of 100,000 were to 

maximise its agricultural potential using modern irrigated greenhouse technology, and grow 

horticultural crops which did not need to be irrigated as well, then it could, on average, support 

about 350,000 people, ie 250,000 more than its own population and hence would be able to export 

significant quantities of produce either fresh or processed. The processed component would support 

manufacturing industries such as canneries. 

Looking at the overall picture by 2031, Melbourne’s present population of 4.1 million would have 

expanded to 6.1 million at the present 2% growth rate. To accommodate this growth, assuming an 

infill population of 200,000 in Melbourne to take it to 4.3 million, a total of 18 END cities will be 

required. These will be able to produce horticultural products for 18x350,000 or 6.3 million, which is 

more than three times the population increase of 2 million, thereby compensating for the predicted 

large deficits of horticultural products33 in Victoria by 2030, and allowing significant export. This can 

be done with no increase in demand on the Murray Darling Basin. If traditional methods were used 

with the same rate of application, there would need to be an increased draw of about 36% or 376GL 

from the Murray Darling Basin since the 2010 population of Victoria was 5.55 million (2/5.55=0.36). 

This is an enormous saving, and it demonstrates the need to alter agricultural practices, because 

without change either our river systems will die or we will need to import horticultural products. 

 

3.11 Employment Associated with Irrigation 

Employment opportunities are greatly enhanced by the availability of irrigation. In 2010-11, 

employment in agriculture, forestry and fisheries for Australia was about 351,000 people28. With the 

high availability of irrigation and horticulture, it would be reasonable to pro-rata this to practically all 

END cities, this amounting to about 1,600 employees for a city of 100,000. This is a conservative 

figure since, as mentioned in Cl. 3.9, an END city would be able to export quantities about equal to 

250% of its own consumption. In a fully mature city, the figure is more likely to be 3,000 employees, 

but for the purposes of this study, the figure of 1,600 will be taken, taking into consideration the 

higher efficiency of production of modern greenhouse horticulture. 

In 2010-11, total employment in Australia was 11.355 million28.. This was made up of 351,000 in rural 

industries (agriculture, fishing and forestry) and 992,000 in manufacturing, making a combined total 

of 1.343 million. The remainder, 10.011 million, (other) would be made up of all other industries – 

transport, construction, health, education, finance, retail, wholesale etc.   Thus there is a multiplier   

                                                           
32

 Australian Government ; Australian Natural Resources Atlas;  Agriculture – Horticulture Industry - Australia 
33

 Victorian Food Supply Scenarios Summary – April 2011 – University of Melbourne (VEIL), CSIRO. 



17 

 

of about 8.455 linking rural plus manufacturing with total employment 

(1.343millionx8.455=11.355million). 

Using this multiplier on the agricultural employment of 1,600, produces a total employment of about 

13,500 and since total population is about double total employment34, this translates to a population 

of 27,000. Assuming an END city ‘seed’ population of 3,000, it can be seen that rural employment 

alone can conservatively lead to a final population of 30,000. 

As mentioned above, the much larger than normal production of rural industries should lead to a 

much larger than normal manufacturing industry because of the processing involved with that 

production. Another factor contributing to a larger than normal manufacturing industry is the low 

cost of thermal energy, which would attract energy intensive industries. But if in spite of these 

factors, the average Australia employment for manufacturing is taken, the pro-rata manufacturing 

employment for the END city is about 4,500, this being a conservative figure. When the 8.455 

multiplier is applied to this, the total employment resulting from manufacturing alone is about 

38,000. Thus considering both the rural and manufacturing sectors, total employment is about 

51,500, which leads to a population of 103,000. If the 3,000 ‘seed’ population is added, total 

population of the city would be 106,000. 

The key basic drivers for achieving the target population of END cities are the availability of an 

abundant source of water and cheap power. These attract and support horticulture and aquaculture, 

which attract manufacturing. These acting together through the multiplier then enable the target 

population to be reached. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
34

 ABS 3218.0 – Aust population 2010 was 22,328,847; Agricultural Commodity Statistics 2011- Total 

employment 2009-10  was 11,027,000 
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SECTION 4 

ENERGY 

4.1 Electrical Energy Usage and Generating Capacity 

In 2010, the registered generating capacity in Australia was 49,010 MW1. Most of this capacity is 

derived from coal and gas burning power stations spread about the states, generally fairly close to 

their fuel sources. The END model differs from this in that generation is proposed to occur at the 

centres of population, thus creating a ‘distributed’ system, which allows the utilization of waste heat 

from the electrical generation process by recovering it and distributing it to nearby thermal energy 

consumers. Central power stations which are connected to a gas distribution system are located in 

each city. Electrical and thermal energy are generated in the same plant owned and operated by a 

generating company, electrical energy is distributed in systems owned and operated by distribution 

companies in the conventional way, and the thermal energy is distributed by a pipework system 

which can be owned and operated by distribution companies. 

The above registered generating capacity corresponds to about 2.2kW per person, and when applied 

to an END city of 100,000 yields a generating capacity of 220 MW, assuming that energy intensity, ie 

energy per unit of gross domestic product is the same2. Energy intensity has actually been declining 

because of increasing efficiency of energy usage, plus declining levels of manufacturing in the 

Australian economy. This will be countered in END cities because of their attraction to 

manufacturing and food processing industries. The installed capacity of 2.2kW per person allows for 

base load plus intermediate plus peak load, ie the maximum load which the system must cope with 

reliably on a hot summer day with air conditioning demand at a maximum. In addition this capacity 

provides a reserve which is necessarily for system reliability. Providing 220 MW possibly with 4 

generating units each with a capacity of 55 MW, of which only 3 are required to operate to meet the 

maximum load, would provide acceptable reliability with 25% reserve. In the Australian context, 

maximum demand in summer 2010 was 33,758 MW1, and about 18% of installed capacity was 

hydro. Hence the reserve capacity for fossil fuelled plant is about 22%1. Having 4 generators also 

allows the system to grow with the city, so that capital expenditure can be spread over 15 years or 

more. Reliability is further enhanced because the power station would be connected to the state 

distribution system with a high voltage transmission line. This works both ways so that power can be 

imported at times of outages due to faults or maintenance requirements, but can also be exported 

at times when the external system is struggling to meet demand. The interconnection of END city 

power stations would improve the reliability of supply for the whole state, forming a distributed 

supply system which relies on a large number of small plants rather than a small number of large 

plants. A further benefit of this is that distribution losses can be greatly reduced, since power is 

generated where it is needed, rather than in remote locations as is presently the case in Victoria, 

where most is generated in the La Trobe valley. Distribution losses in Australia in 2008-9 amounted 

to 5.5% of supply2 which represents a significant loss of primary energy, probably in the order of 7%, 

                                                           
1
 State of the Energy Market 2010 – Australian Energy Regulator AER. Table 1.1 and Fig 1.3  

2
 Energy in Australia 2011 – Aust Government – Department of Resources, Energy and Tourism. Energy 

Intensity p11 
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since it is estimated that about 20% of the electrical energy produced is generated by less efficient 

intermediate and peak load stations3. 

For larger END cities, a number of power stations, each serving a region could be installed. For 

example, for a population of 700,000 a total of 1,540 (220x7) would be required. This capacity could 

be provided by four power stations, each with a capacity of 385 MW. Multiple power stations would 

reduce the size and length of thermal distribution pipework, and could facilitate expansion over the 

maturation period of the city. 

4.2 Energy Consumption  by Industry 

Industries use varying quantities of energy, and of different forms. Most industries use electrical 

energy; some, such as road, air and water transport use liquid fuels only. Because END cities are able 

to supply thermal energy as a by-product of electrical generation, it is possible to satisfy most 

thermal demands without expending more primary fuel. This process of supplying electrical and 

thermal energy is sometimes called ‘combined heat and power’ or CHP, and sometimes co-

generation. Co-generation can increase the efficiency of utilization of primary energy by large 

factors, two or three times, depending on the industries linked to the system. The thermal energy 

that can be supplied is of low and medium temperature – from about 70⁰C to 200⁰C – but this is 

sufficiently high to satisfy the bulk of requirements. Some industries such as Iron and Steel and Non-

ferrous metals require high temperatures or electricity only (for example aluminium refining), and 

these cannot be accommodated by the thermal component of co-generation. To produce an 

estimate of the ratio of thermal energy able to be supplied by co-generation in conjunction with 

general electrical requirements, Table 4.1 based on Australian industry consumption figures4 for 

2008-09 has been drawn up. Figures for the above mentioned industries and construction, transport 

and mining industries are not included since co-generation is not relevant to them. Also primary 

energy sources Metallurgical Coke, Coal by-products, crude oil, liquid/gas biofuels, and biomass 

bagasse are not included in the table since these are generally industry specific and not very relevant 

to the broader industrial spectrum. For example, Metallurgical Coke and Coal by-products are 

relevant mainly to the Iron and Steel and Non-ferrous metals industries, and bagasse is used in the 

sugar industry to produce steam much of it for internal use. Refined product which is mainly diesel 

fuel is not included in Agriculture, since most of it would be used for transportable farm machinery. 

In the Food, beverages, textile industry, it is assumed that about 50% of listed diesel derived energy 

is used for transport. In the Commercial sector, about 65% of energy is used for HVAC (Heating, 

Ventilation and Air Conditioning), water heating and steam and in the Residential sector about 80% 

of energy is used in heating, cooling and water heating5.  Whilst theoretically most of this energy can 

be supplied thermally (hot water for heating and chilled water for cooling using absorption 

refrigeration), in practice a large proportion of it will be supplied electrically through reverse cycle 

air conditioning and some heating will continue to be supplied by natural gas. To compensate for 

this, only 50% of energy input for residential and commercial use has been taken as being supplied 

through co-generation. Wherever there is a deviation from the overall Australian figures in Table 4.1, 

the percentage of the ABARES listed figures is shown in brackets. The table also includes the energy 

                                                           
3
 Australia’s Electricity – http:www.world-nuclear.org/info/info64.html – load curves 2006 

4
 ABARES Energy Update 2011 Table A - Australian Energy Supply and Consumption 200910 

5
 Sustainability Victoria – Energy use by sector – http://www.sustainability.vic.gov.au/www/html/1820-energy-

use-by 
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components scaled from an Australian population of about 22.3 million in 2009-10 to an END city of 

100,000. Units are in Petajoules, PJ, or joulesx1015 

 

Industry Black 

Coal 

PJ 

Natural Gas 

PJ 

Propane 

Butane, 

LPG, PJ 

Biomass 

 Wood 

PJ 

Refined 

Product 

PJ 

Total 

Non- 

Elect. PJ 

Total 

Elect. PJ 

Agriculture      0.1   1.8       1.9    8.3 

Food, beverages, 

textiles 

12.3   36.6   1.1 2.5  

60.5(50%) 

113.0  21.6 

Wood, paper, printing   4.8   23.1   0.2 0.0(0%)   0.4   28.5  17.5 

Chemical   6.1 102.7 15.4  67.9 192.1  17.0 

Other Industry 26.7   66.5   6.0 1.1   7.6 107.9  26.6 

Commercial & services   0.7   24.1(50%)   1.7(50%)   

15.8(50%) 

  42.3 223.8 

Residential    70.0(50%)   5.7(50%)     1.2   76.9 214.7 

Total Australia 50.6 323.1 31.9 3.6 153.4 562.6 529.4 

Total END city 100,000 

population 

0.2266      1.4470    0.1429 0.0161 0.6870      2.52      

2.3714 

 

Table 4.1 – Energy Consumption By Industry PJ 

From Table 4.1 it can be seen that across the general industrial spectrum, non-electrical 

consumption is about the same as electrical consumption. Thus if all non-electrical could be supplied 

by thermal energy derived from co-generation, the efficiency of utilization of primary energy used in 

power generation could be doubled. For electrical plant operating at 35% efficiency, this means that 

70% can be achieved. As a consequence, CO2 emissions over the whole community can be reduced 

by 25% since only about half of normal primary fuels need to be burned for heating, assuming 70% 

heating boiler efficiencies. Refer to Section1 Cl.1.4 for discussion on Australian emissions targets and 

their achievability. Table 4.1 demonstrates the typical energy scenario nation-wide. But this can be 

improved upon considerably if more use for low grade heat can be found. One such use is the 

heating of modern greenhouses, and this shall be examined in the next section. 

 

4.3 Heating of Green Houses 

The basic reason for using greenhouses for the growing of horticultural crops is to trap solar heat 

and so maintain higher temperatures which are beneficial to plant growth. In tropical and arid 

regions where temperatures are warm all year, green houses are not required for this purpose, 

though other benefits will apply. These are protection from weeds and insects thus greatly reducing 

use of herbicides and insecticides, the control of humidity and CO2 levels thus improving plant 

environment for greater productivity, reduction of water requirements, and the better control of 

disease. In cooler climates such as in southern Victoria, Tasmania and the New England highlands, 

unheated greenhouses extend the growing season, but when heated, greenhouses allow the 

growing of crops all year round, thus greatly increasing productivity. In fact on average, because of 

temperature control and the other benefits mentioned above, the effective production of 1 hectare 
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of land under greenhouse is equivalent to 9 hectares of open field agriculture – ref Cl. 3.9 for further 

discussion. 

As discussed in Cl. 3.9, approximately 35 ha of modern greenhouses is required to supply an END city 

of 100,000 with selected vegetables, berries and flowers, but it can support more than three times 

its own consumption from its water supply. The energy required to heat green houses depends on 

the indoor temperature required and the outdoor climate. If the indoor temperature is controlled to 

18⁰C, and the outdoor climate is such that 2000 degree days are experienced throughout the year, it 

is estimated that three times the minimum area ie 3x35=105 ha can be heated, as well as all other 

industrial, commercial and residential thermal loads from the waste heat from power generation, 

based on an electrical generating efficiency of 35%, and stack losses of 10%. A climate with 2000 

degree days on an 18⁰C base temperature is fairly severe in mainland Australia and is rarely 

exceeded other than in Alpine country. Melbourne climate for example has 1378 degree days, 

Geelong 1725, Albury 1657 and Sydney 642. Even in more severe climates, indoor temperature can 

be maintained because maximum greenhouse heating loads occur in the early hours of the morning 

when electrical demands and other thermal demands are low. The electrical efficiency of 35% is 

based in the use of a combined cycle gas turbine/steam system. When the latter is producing 

electricity only, with no steam extracted for heating, efficiencies of about 55% are generally 

achieved6; large gas turbines in a simple open cycle have a generating efficiency of 35 – 40%7, hence 

35% with full or nearly full steam extraction is achievable. With the power station operating on full 

thermal extraction, the overall efficiency of the system is 90%. Thus depending on the thermal load 

at any particular time, the overall efficiency of an END city power station would vary from about 70% 

with no greenhouse heating to about 90% with full greenhouse heating. This compares with about 

40% for a good base load coal fired power station, and about 55% for a stand-alone combined cycle 

gas turbine/steam (CCGT) system. If efficiency can be increased to 90%, overall energy consumption 

and emissions can be reduced by about 70%, assuming heating boiler efficiencies of 70%. 

4.4 Sources of Energy 

The main source of primary energy for END cities would be natural gas. This could be supplemented 

with gases derived from (a) the anaerobic digestion of sewerage sediment from the pre-treatment 

section of the biological treatment plant (ref Cl.3.5), (b) the gasification of organic matter in solid 

wastes including plastics and tyres in a pyrolysis/gasification process, and/or (c) the anaerobic 

digestion of solid wastes. With (a), most of the biogas produced would be used in heating the 

sediment to maintain the anaerobic digestion process, and little would be in excess. Whilst this 

process would be necessary as part of the biological treatment of sewerage, it could be combined 

with the digestion of solid wastes if this option were to be adopted. 

Pyrolysis/Gasification 

Pyrolysis/Gasification plants accept municipal wastes, agricultural wastes, green wastes and 

sewerage sludge and convert them to ‘syngas’, a combustible gas consisting mainly of carbon 

monoxide, hydrogen, and some carbon dioxide and methane. In the first part of the process, 

                                                           
6
 Wikipedia – Combined cycle – http://en.wiki/combined_cycle 

7
 Wikipedia – Gas turbine – http://en.wikipedia.org/wiki/Gas_turbine 
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pyrolysis occurs at high temperature, over 700⁰C8, and thermally decomposes organic material into 

char, oil and gas, in varying ratios depending on the composition of the feed stock9. Gasification 

follows, and here most of the products of pyrolysis are converted into syngas through reaction with 

steam. The energy derived from the burning of syngas produced from biomass is considered to be 

renewable energy10, since biomass ultimately obtains its energy from the sun. The energy derived 

from the plastics, tyres etc. component of feedstock is not considered renewable since these 

products had a fossil fuel origin. The process of burning syngas derived from biomass is also carbon 

neutral since the carbon released into the atmosphere during burning was originally extracted from 

the atmosphere by the biomass, and no ‘new’ carbon is added to the atmosphere. 

Anaerobic Digestion 

The organic component of solid wastes (except for plastics), sewerage sludge and sediment, and 

agricultural and green wastes can be treated by anaerobic digestion, a biological process which 

converts organic matter to methane and carbon dioxide. Woody wastes cannot be treated by 

anaerobic digestion since most anaerobes are unable to degrade lignin11. The biogas produced by 

the process can be burned to produce electrical and thermal energy, and the energy so produced is 

considered to be renewable. The process is also carbon neutral since no ‘new’ carbon is added to the 

atmosphere. 

The points of interest of gasification and anaerobic digestion plants to END cities are (1) they offer a 

way to dispose of solid wastes in an environmentally acceptable way and (2) they are a source of 

energy which could supplement natural gas. 

At present the most commercially attractive way to dispose of solid wastes is by landfill. However, 

while landfill is cheap, there are a number of environmental disincentives such as green house gas 

(GHG) emissions, the possibility of contamination of ground water, unpleasant odours, rodent and 

pest problems and deep seated fire problems. The most important issue according to a submission 

by WSN Environmental Solutions12, a NSW state owned corporation which manages 75% of Sydney’s 

household wastes, is the GHG emissions from landfills. When organic matter in the landfills 

decomposes it produces a gas that is approximately 50% methane and 50% CO2. Methane has 21-25 

times the global warming effect of CO2, hence its removal is considered to be of prime importance. It 

is possible to harvest the methane from landfills, though only about 80% at best; most systems 

capture only about half and many landfills have no capturing systems at all. Therefore, the best 

solution is to dispose of the organic matter by pyrolysis/gasification or anaerobic digestion plants 

which convert 100% of the organic matter to fuel gases. The WSN submission quotes a study 

(Warnken ISE) which points to the potential of reducing solid waste GHG emissions by nearly 7% of 

all Australia’s GHG emissions. This would be equivalent to taking all cars off the road. Clearly, if the 

reduction of GHG is considered important in Australian environmental policy, then serious 

consideration should be given to the application of these advanced waste technologies (AWT). 

                                                           
8
 Wikipedia – Gasification. http://en.wikipedia.org/wiki/Gasification 

9
 WasteNet – Pyrolysis Gasification. 

http://www.wastenet.net.au/information/hierarchy/recovery/pyrolysis_gasification 
10

 http://www.biomass.uk.com/gasification.php 
11

 Wikipedia – Anaerobic Digestion.  http://en.wikipedia.org/wiki/Anaerobic_digestion 
12

 Submission by WSN Environmental Solutions into Inquiry into the Management of Australia’s Waste Streams 

by Senate Standing Committee on Environment, Communications and the Arts, May 2008 
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In order for AWT to be applied they must be economically viable, and since the commonly accepted 

landfill practice is by far the cheapest method of solid waste disposal, there is no incentive to adopt 

them. State governments apply levies on general waste in an attempt to curb landfill use. However 

in most cases, with the exception of NSW, these levies are too small to make any significant 

difference to disposal practices. In NSW the levy in 2011 was around $56 per tonne12, but in other 

states around $10 per tonne. The NSW levy is seen by WSN Environmental Solutions as being a 

potential driver of AWT, possibly in areas of resource recycling and landfill methane harvesting, but 

this is probably not high enough to encourage energy reclaim. Private correspondence with a UK 

company, Energos Limited, which installs pyrolysis/gasification plants, informs that in the UK in 2009 

landfill tax was A$80/tonne, and rising by A$16 every year to at least A$144 in 2013. At this level 

recovering energy by pyrolysis/gasification and anaerobic digestion becomes attractive, and would 

play a major role in energy conservation and GHG emission reduction. 

Based on Perth figures for 200013, total municipal and commercial and industrial wastes amounted 

to about 1.06 tonnes per person per annum. This is increasing at the rate of about 6% per year12    

and has been doing so since 1996 with no sign of abating. Allowing for approximately a 2% rate of 

increase in population, the net rate of increase is about 4% per person per year. Thus by 2021, solid 

waste will have increased to about 2.4 tonnes per person per year, and at an energy content of 

10MJ/kg, and an overall plant conversion efficiency of about 80%, a pyrolysis/gasification plant will 

be able to contribute about 1.92PJ/year, or 28% of the power station energy requirements. This is 

highly significant in terms of energy that can be saved, and when considered in conjunction with the 

environmental advantages mentioned above, should be a major incentive to adopting AWT. The 

recovery of energy from waste is a huge and important resource which should not be squandered. 

At a time when the modern consumer society is generating so much waste, it would be comforting 

to know that at least the energy content of society’s rubbish is being used. Much of the waste 

produced is paper. A large proportion of this is recycled, but if what is not recycled is burned as a 

fuel, then this component could be considered as renewable, carbon neutral biomass energy. 

4.5 Energy Networks 

Energy is distributed throughout the country generally in the forms of electricity and gas. Fig 4.1 

shows the electrical and gas transmission networks for Victoria14. Fig 4.2 shows the topological 

representation of the electrical distribution network14, and Fig 4.3 that for the gas transmission 

network14 

 

                                                           
13

 http://www.wastenet.net.au/information/streams 
14

 Vencorp – Annual Planning Report 2009 
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Fig 4.1 – Electrical and Gas Distribution Networks for Victoria. 

 

For the first wave of END city expansion within about 75 km of Melbourne (ref Cl. 2.2), it is seen 

from Fig 4.1 and Fig 4.3 that gas pipelines are quite close to the suggested END cities. For electrical 

transmission lines, it is likely that some new high voltage lines will have to be built to connect to the 

network. These however are likely to be short, on the average in the order of 50 km or less. It is 

possible that existing lines to ‘seed’ communities may be suitable, at least initially, with only short 

extensions and upgrading being required. 

For the second wave of expansion from about 100km and over from Melbourne, many of the 

suggested locations are close, or on gas lines, but a number would require extensions and 

augmentation of capacity. As discussed in Cl. 2.2, selection of sites must be carried out carefully, 

with modelling and analysis to determine the most favourable and cost effective.  For electrical high 

voltage transmission lines, again, as for the first wave, some new lines may have to be built, but in 

many cases existing lines may be extended and upgraded. 

 

4.6 Future Energy Demands  

As discussed in Cl. 4.1, each END city of 100,000 people would have a generating capacity of about 

220 MW, of which about 25% would be reserve capacity to cater for outages and maintenance. Thus 

actual peak generating capacity would be about 165 MW. Assuming a generating efficiency of 35%, 
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peak gas demand would be about 1.7 Terajoules per hour (TJ/h), and 41 Terajoules per day (TJ/d) at 

100% capacity factor (CF), ie with the generators delivering their full capacity 24 hours per day. This 

would never occur, and with a capacity or load factor of 50%, peak consumption would be about 

20.4 TJ/d for each END city. At a 50% CF (82.5 MW) the generator would still produce about 10% 

more electrical energy that the Australian energy profile (Table 4.1) requires. When adjustment is 

made for this, the total energy consumed by an END city of 100,000 is 6.77 Petajoules per year 

(PJ/y). The thermal (cogeneration) energy that theoretically can be recovered for heating is about 

3.73 PJ/y, at a temperature of about 2000C which is suitable for most processes and absorption 

refrigeration. This exceeds the Australian profile of 2.52 PJ/y as shown in Table 4.1 by nearly 50% 

when generating to meet the Australian profile electrical demand. This saving is applied with an 

efficiency of 70% to allow for annual boiler flue and other boiler losses, thus giving a saving of 

2.52/0.7=3.6 PJ/year for each END city. The END model also utilizes syngas and biogas and as 

discussed in Cl.4.4, this contributes 1.92PJ/y to the total END model consumption. To be 

conservative, all of the energy recovered from solid wastes is taken as being fixed at the 2021 level 

of 1.92PJ/y, even though solid wastes have been expanding at about 6% per year since 1996 as 

discussed in Cl.4.4. As stated in Cl. 4.3, a considerable amount of energy beyond that used in the 

Australian profile can be used in heating green houses and in food and chemical industries 

associated with END cities. The excess can meet these additional requirements with no additional 

gas consumption, since excess would have to be rejected to the cooling pond if not utilized. If the U-

S system were to incorporate these added applications, savings made in Table 4.3 would be 

increased by about 25%, assuming 70% heating boiler efficiencies. In order to compare energy usage 

of the END model with the urban sprawl (U-S) model, the energy savings made in the END model are 

subtracted from the U-S model usage. Table 4.3 summarises total Victorian gas usage to 2061 for 

both the END model and the U-S model scenarios, with gas fired generation, where in the END 

model scenario, END cities absorb growth that would otherwise occur in Melbourne. 

Because of emission concerns it is not anticipated that more coal fired power stations will be built in 

Australia. At this point only one black coal station was committed and was due for completion in 

201115. In future all new fossil fuelled power stations will most likely be gas powered ie Gas Powered 

Generation, (GPG), will apply. Base load stations will be of the combined cycle gas/steam turbine 

(CCGT) type, and peaking stations will be of the open cycle gas turbine (OCGT) type. Based in this, 

the Australian Energy Market Operator (AEMO) has made estimates for gas usage for high, medium 

and low economic growth scenarios16. Total projected usage for medium growth is around 260 PJ/y 

in 2020 and growth rate is expected to be around 2%17. These figures are incorporated into Table 

4.3. The population basis for Table 4.3 is given in Table 4.2. This is based on a Victorian growth rate 

of 1.8% and a Melbourne growth rate of 2%18 as of June 2010. NOTE, numbers of END cities are 

based on a population of 100,000 each. Actual populations may be up to a recommended maximum 

of 700,000 to contain traffic congestion and facilitate planning. Refer to Section 2 of this Paper for 

further discussion on this. Energy figures given in Table 4.3 would apply to any size combination, e.g. 

18 cities @ 100,000 ≡ 3@400,000 + 1@600,000.  

                                                           
15

 Energy in Australia Appendix 1 – 240MW expansion of existing Eraring station 
16

 AEMO - Victorian Annual Planning Report 2011 Fig 6-3 
17

 AEMO - Victorian Annual Planning Report 2011 Cl. 6.6.1 
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 ABS 3218.0 - Regional Growth Rate Australia 2009-10, Victoria. 
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Year Vic.Popn. 

Million 

END Popn. 

Million 

% END 

Popn. of 

Vic 

END Cities 

of 100,000 

Melb. Popn.-

END model 

Million 

Rural Popn.-

END model 

Million 

Rural +Melb. 

END model 

Million 

2021   6.75 0.70 10.4 7 4.30 1.75 6.05 

2031   8.07 1.80 22.3 18 4.30 1.97 6.27 

2041   9.65 3.10 32.1 31 4.30 2.25 6.55 

2051 11.53 4.80 41.6 48 4.30 2.43 6.73 

2061 13.78 6.80 49.3 68 4.30 2.68 6.98 

 

Table 4.2 – Population Distribution in END Scenario 

 

Year 2021 2031 2041 2051 2061 

 END U-S END U-S END U-S END U-S END U-S 

No of  Cities Rqd. 

in END Model - N 

7  18  31  48  68  

U-S energy @ 

2%/y growth PJ/y 

265 265 323.3 323.3 394.1 394.1 480.4 480.4 585.6 585.6 

Credit syn/biogas 

Nx1.92            PJ/y 

-13.4   -34.6   -59.5   -92.2   -

130.6 

  

Credit Cogen 

Nx3.6             PJ/y 

-25.2  -64.8  -

111.6 

 -

172.8 

 -

244.8 

 

Total END Credit                           

PJ/y 

-38.6  -99.4  -

171.1 

 -

265.0 

 -

375.4 

 

Total Energy END 

& U-S              PJ/y 

226.4 265 223.9 323.3 223.0 394.1 215.4 480.4 210.2 585.6 

END model 

Savings % 

14.6  30.7  43.4  55.2  64.1  

 

Table 4.3 – Energy Consumption of END Model and U-S Model with GPG to 2061 

Table 4.3 shows that the END model produces significant energy savings from about 15% in 2021 to 

over 64% in 2061 as the proportion of the population in END cities increases. If the Victorian 

population stabilizes to about 14 million in 2061 there will be over 64% savings in energy usage and 

therefore a 64% reduction in emissions. This is achieved with conventional combined cycle 

generating equipment with an efficiency of about 50% when on full electrical output, and about 35% 

when maximum steam is extracted from the steam turbine to supply heating at about 2000C. AEMO 

use a value of 52% in their supply forecasts for GPG19. It will likely be possible, depending on the 

industry mix, to supply heat at a lower temperature than 2000C, say 1350C which will be able to 

satisfy absorption refrigeration requirements and so be suitable for commercial and residential 

buildings. Adsorption chillers which have recently become available can operate at temperatures of 

around 900C20, so that lower recovery temperatures of about 1000C are feasible. The lower the 

temperature of the thermal energy recovered, the higher is the cycle efficiency so that cycle 

                                                           
19

 Vencorp – Annual Planning Report 2009, Table 3-9 

 
20

 http://www.emissionless.com/ADC.htm. ADsorption Chillers. 
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efficiencies of over 40% may be possible with full heating. To minimise the penalisation of system 

efficiency, it is possible to incorporate two or more thermal distribution circuits operating at 

different temperatures and serving different ‘suburbs’ of the END cities. Higher temperatures of 

around 2000C could be supplied for chemical industries located close to the power station in a   

‘chemical’ suburb. An intermediate temperature of 1350C could be supplied to residential, 

commercial and food processing suburbs, and low temperatures of about 900C could be supplied to 

green house and aquaculture suburbs. 

Table 4.3 shows that total energy consumption for the END model from 2021 to 2061 reduces very 

slightly from about 226 PJ/y to 210 PJ/y. This occurs in spite of the fact that the Victorian population 

increases form 6.75 million to 13.75 million in that time. But the proportion of the population in END 

cities goes up from about 10% to nearly 50%, as shown in Table 4.2. Hence the proportion of energy 

from syn/biogas plus the recovered energy from co-generation, increases, with the result that 

overall State energy consumption remains almost constant. Not only does this conserve energy 

resources and reduce emissions by massive amounts, but it enables the gas delivery system to 

handle the maximum demand with very little augmentation to 2061, as discussed in Cl.4.7. The 

extension of gas reserves using the END model is highly significant as discussed in Cl.4.9. 

Gasification equipment for the conversion of solid wastes including plastic, tyres and biomass is 

increasingly being used in overseas countries where levies on solid waste are in the order of $100 

per tonne. As mentioned earlier, gasification presents great benefits not only from an energy 

standpoint but also from the standpoint of the environment. 

4.7 Maximum Demand and Augmentation of Energy Networks 

In addition to total energy consumption, the capacity of the gas transmission pipework system, 

known as the Declared Transmission System (DTS), must be considered under maximum demand 

conditions since the DTS should preferably be capable of supplying adequate gas at all times. 

From the above it is seen that a 165 MW generator operating at 35% total efficiency at a 50% 

capacity factor with full steam extraction can meet all the energy requirements of an END city and 

can meet the base electrical generating load. However, peak electrical demands will require a 

greater input for short periods of time. The combined gas turbine/steam generation cycle (CCGT) 

proposed for END cities has the ability to quickly take up electrical load and is therefore quite 

suitable to meet peaking demands, there being no need to install intermediate and peaking stations 

as is presently the case. Electrical load curves suggest that maximum demand including peak plus 

intermediate loads are about 1.66 times base load21 in Victoria on peak summer days. Winter peak 

electrical loads are lower than summer peaks. Thus a 165 MW generator operating at 50% electrical 

capacity factor (ie 82.5 MW electrical) could ramp up to about 137 MW (82.5x1.66) electrical at 

maximum demand times by rejecting its heat at a lower temperature (around approximately 1200C 

instead of 2000C) and converting more of its input into electrical output. The thermal inertia or 

flywheel effect in hot water pipework distribution system would carry thermal requirements for a 

few hours without detriment if required. 
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Winter peak system demand for Victoria is forecast to at 1336 TJ/d in 2021, with a growth rate of 

0.5%22. This does not include for gas power generation (GPG). AEMO expect that GPG usage will be 

42.1 PJ/y by 202023. This corresponds to an average demand of 118 TJ/d at a 2% annual increase17 in 

energy usage from 2020. This is an average demand, and the maximum demand corresponding to 

this is about 236 TJ/d taking maximum demand at approximately twice the average, which was the 

case in Victoria in 201024. When added to the system maximum demand of 1336 TJ/d, this produces 

a DTS maximum demand of about 1572 TJ/d for 2021. This figure is then escalated by the energy 

growth rate of 2% per year to 2061, as shown in Table 4.4 to give maximum demands in subsequent 

years. Table 4.5 shows estimated system maximum demand, combined system and GPG maximum 

demand and GPG maximum demand to 2061 based on the U-S scenario. 

Most future gas fired generators for the END model and major generators for the U-S model under 

GPG would be of the same type, (CCGT) with an electrical efficiency of about 50%, (AEMO have 

taken 52%19), but peaking generators for the U-S model would be of the open cycle gas turbine type 

(OCGT) which have a lower efficiency of about 32%19. Thus, in using the U-S maximum demand in 

Table 4.4 as a starting point in assessing END model maximum demand, a conservative stance is 

taken. To this starting point credit is taken for co-generation and syngas and biogas usage. Credit for 

co-generation applies to the thermal energy which is recovered for useful heating instead of being 

rejected into the cooling pond. This is free energy with co-generation, but is additional energy in 

traditional practice, (usually provided by burning gas in boilers) and must be supplied through the 

DTS. The energy credit taken in Table 4.4 is for thermal energy as per the Australian profile in Table 

4.1. Here thermal energy saved by co-generation is 2.52 PJ/Y for 1 END city. This translates to 6.9 

TJ/d and when allowance is made for a 70% boiler efficiency if the heat were to be provided 

conventionally in a boiler, the energy saved, or credit, is 6.9/0.7=9.86 TJ/d. For Syn/Biogas, energy 

savings as discussed in Cl.4.4, are 1.92 PJ/y, which when a 70% boiler efficiency is applied yield a 

credit of 5.26 TJ/d. These credits are in energy savings, or total gas flow per day. Peak flows are 

about double average flows, therefore savings in peak demand are 2x5.26=10.52 TJ/d for 

Syn/Biogas, and 2x9.86=19.72 TJ/d for cogeneration. Table 4.4 summarises maximum demand for 

both the END and U-S scenarios. It will be seen from Table 4.4 that maximum demand for the END 

model does not rise appreciably from 2021 to 2061, but remains fairly constant at around 1400 TJ/d. 

This correlates well with Table 4.3 which shows that energy consumption for the END model is fairly 

constant at around 220 PJ/y. These tables indicate that the saving in energy by the END model 

largely compensate for the increasing population. 

When generating to supply electrical energy to the Australian profile, the generators release thermal 

energy at a rate exceeding requirements by almost 50%. Hence, even if END cities require more 

thermal energy than on the Australian profile because of green-house heating and more industry, 

the maximum gas demand for the gas turbines does not increase providing thermal requirements do 

not exceed 50% of those of the Australian profile. Increasing thermal energy use simply means that 

less energy is rejected into the cooling pond. The co-generation credit claimed takes into account 

that when gas is burned in a conventional boiler the long term efficiency of the boiler with average 

maintenance is  about 70%. 
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The existing DTS has a capacity of about 1353 TJ/d25. However, there are several ‘reasonable cost’ 

opportunities for augmenting the system capacity as listed below26:- 

1. Duplication of four sections of the eastern Longford pipeline (Longford to Dandenong) by 

inserting four loops between Tyers and Bunyip. 

Potential augmentation 4x50TJ/d      200TJ/d 

2. Installing compressors on the South West Pipeline (SWP) 

Potential augmentation          50TJ/d 

3. Duplication of SWP (1 additional 500 dia. Pipe) 

Potential augmentation        353TJ/d 

4. Construction of Rockbank to Wollert pipeline 

No augmentation potential since it is used only to enable transfer of gas to the north 

 

     Total reasonable augmentation                603TJ/d 

 

 2021 2031 2041 2051 2061 

 END U-S END U-S END U-S END U-S END U-S 

No of END Cities N 7  18  31  48  68  

DTS Max Demand U-

S 2%/y  increase      

TJ/d 

1572 1572 1916 1916 2336 2336 2847 2847 3471 3471 

Credit Syn/Biogas 

for END  Nx10.52       

TJ/d 

-73.6  -

189.4 

 -

326.0 

 -505.0  -715.4  

Credit co-gen for 

END Nx19.72                

TJ/d 

-138  -

355.0 

 -

611.4 

 -946.6  -

1341.0 

 

Total Credit END 

TJ/d 

-

211.6 

 -

544.4 

 -

937.4 

 -

1451.6 

 -

2056.4 

 

Max Demand    TJ/d 1360 1572 1372 1916 1399 2336 1395 2847 1415 3471 

Surplus/Deficiency 

of Exist. DTS 1353    

TJ/d 

-7 -219 -19 -563 -46 -983 -42 -

1494 

-62 -

2118 

Surplus/Deficiency 

of Augmented DTS 

to 1956 TJ/d 

596 384 584 40 557 -380 561 -891 541 -

1515 

 

Table 4.4 – Maximum Demand on Gas DTS 
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YEAR System Demand @ 0.5% Growth TJ/d Combined Demand @ 2% Growth TJ/d GPG TJ/d 

2021 1336 1336 + 236=1572 236 

2031 1404 1916 512 

2041 1476 2336 860 

2051 1552 2847 1295 

2061 1631 3471 1840 

 

Table 4.5 – Estimate for  Gas Powered Generation (GPG) Max Demand in TJ/d for U-S Scenario 

The Longford pipeline capacity is presently 1,030 TJ/d, but with augmentation in conjunction with 

increased contracted supply, this has the potential to increase to about 1,230 TJ/d. Items 2-4 of the 

above all augment the SWP which feeds the area west of Geelong to Portland. Its present pipeline 

capacity is 353 TJ/d, but has the potential to supply about 776 TJ/d (50+353x2) with the above 

augmentations from the off-shore gas fields of Casino, Minerva and Thylacine-Geographe, thus 

increasing supply by about 403 TJ/d. Combining the Longford and SWP augmentations adds the total 

supply augmentation potential to 603 TJ/d, thus taking total capacity of the DTS to 1,353 + 603 = 

1956 TJ/d. There can be a further increase of about 60 TJ/d with LNG injection to take the total to 

2016 TJ/d, but this is not included in Table 4.4. The figure of 1956 TJ/d is an estimate which must be 

confirmed by detailed modelling, but it is a good approximation of possible and likely capacity 

increase at reasonable cost. If the SWP duplication were to be carried out in 750 diameter pipe 

(which has a capacity of 1150 TJ/d27), instead of 500 diameter, total augmentation will be 1400 TJ/d, 

and total DTS capacity will be 2813 TJ/d including 60 TJ/d LNG. 

From the above it is seen that there is no fundamental reason for the existing gas DTS not to cater 

for the END concept which relies mainly on natural gas as its primary energy source until 2061. As 

can be seen, the capacity of the existing system is only slightly deficient, 62 TJ/d in 2061, or less than 

5% of maximum demand. This can easily be made up by adding compressors and some LNG 

injection.  

However, for the U-S model, the existing DTS will be 219 TJ/d or 16% deficient by 2021, and will 

require considerable augmentation possibly the implementation of the above Items 1 and 2. By 2031 

full ‘reasonable’ augmentation will provide a small surplus, but by 2041 there will be a deficit of 380 

TJ/d or over 16% of maximum demand. By 2051 the deficit will be over 31% of maximum demand, 

and by 2061 it will be almost 44% of maximum demand. To cater for these deficits, separate 

pipelines to power stations will need to be laid or major duplications made. If the duplication of the 

SWP is carried out in 750 diameter pipe so that total augmented capacity of the DTS is 2813 TJ/d as 

discussed above, the DTS will be borderline by 2051 when maximum demand is 2847 TJ/d and still 

under capacity in 2061 when maximum demand is 3471 TJ/d. Installing a 750 diameter pipe with a 

high capacity may not be beneficial for long since gas reserves from the Otway fields which would 

supply it are limited. In fact any augmentation should be considered with remaining reserves in 

mind. This aspect is discussed in Cl. 4.8. 
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As discussed in Cl. 4.5, electrical transmission line augmentation would be minimal since the power 

generated by END cities is mostly used by the cities themselves. Augmentation would be confined 

mainly to interconnections with the electrical Declared Shared Network (DSN) and not to the DSN 

itself. Because of greenhouse gas emission concerns, most new generating capacity is anticipated to 

be by gas powered generators28. Under a medium growth scenario and 10% POE (Probability of 

Exceedence) ie with a 10% or 1 in 10 year probability of the demand being exceeded, the forecast 

increase in maximum demand (MD) for Victoria from 2009-2019 is 2,220 MW29. In the same period 

gas powered generation (GPG) is forecast to increase by 1,800 MW28   in a medium growth scenario, 

and 2,300 MW in a high demand scenario. Thus in the medium demand scenario over 80% of the 

increase is forecast to be by GPG. However, with the existing ‘urban sprawl’ (U-S) mode of 

development, most of this GPG would feed into the electrical DSN in order to supply Greater 

Melbourne. In all regions except Regional Victoria and Northern electrical DSN augmentation is 

likely30, in contrast to the END model which would require little to no augmentation. 

From a generation point of view, the Victorian region will require an increase in generating capacity 

after 2014/15 to meet reliability requirements31. This increase will be about 1700 MW above the 

presently allocated installed capacity by 202132. With 7 END cities or equivalent functioning, the 

installed capacity for these will be 7x220=1540 MW. This will meet over 90% of requirements, and 

can be increased to 100% by adding more generating capacity than required to meet immediate 

needs. Excess thermal energy could temporarily be rejected to cooling ponds if it could not be 

utilized on heating applications. Later as the city expands this energy could be utilized. Since the 

generating units are of the CCGT type with a high efficiency of over 50%, efficiency of usage of gas 

would be at least as good even if all generators in the U-S model were to be of the CCGT type. It 

would be likely though, that a large proportion of these would be peaking units of the OCGT type 

which have an efficiency of about 30%. 
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Fig 4.2 – Topological representation of electrical distribution network for Victoria 

 



 

16 

 

 

Fig 4.3 – Topological representation of gas transmission network for Victoria 

 

4.8  Gas Reserves  

Commercial gas reserves are classified as ‘Proved’ designated 1P, ‘Probable’ designated 2P, and 

‘Possible’ designated 3P. 2P equals the sum of proved and probable, and 3P equals the sum of 

proved, probable and possible. Contingent reserves designated 1C, 2C, and 3C in increasing range of 

uncertainty, are those which are not yet considered commercially recoverable, and await 

technological and/or business improvements before recovery can be considered economical. As at 

the end of 2010, the remaining 2P reserves for Eastern and South Eastern Australia were 44,938 PJ, 

which were made up of 36,598 PJ of coal seam gas and 8,340 PJ of conventional gas33. Thus coal 

seam gas accounts for about 80% of all reserves or about four times the reserves of conventional 

gas. 

Most of the conventional gas occurs in off-shore reserves south of Victoria. These are the Gippsland 

(5,455 PJ), Bass (266 PJ) and Otway (991 PJ) basins making a total of 6,712 PJ, or about 80% of all 

remaining 2P conventional reserves in Australia. The remaining conventional reserves are the 

Cooper-Eromanga (1,396 PJ), Gunnedah (6 PJ), Bowen/Surat (205 PJ), and Adavale (21) making a 

total of 1628 PJ. At present the Victorian basins supply mainly Victoria, with some export to Sydney 

and ACT via the Eastern Gas Pipeline, to Tasmania via the Tasmanian Gas Pipeline and to Adelaide 

                                                           
33

 AEMO – GSOO 2011, Cl.3.3, Fig 3-3 



 

17 

 

via the SEA Gas Pipeline. The non-Victorian reserves supply Brisbane and partially Sydney, ACT and 

Adelaide. Whilst the non-Victorian reserves of 1628 PJ are comparatively small, the huge coal seam 

reserves in central Queensland and northern NSW provide an assured long term supply for non-

Victoria. 

Considering Victoria, from Table 4.3, the average consumption from the end of 2021 to the end of 

2040, for the U-S model is (265+323.3+394.1)/3=327 PJ/y. The remaining 3P reserves for the 

Gippsland, Bass and Otway basins to the end of 2010 are 9018 PJ34. Total consumption for 12 

months to the end of 2010 (2009/10) was 221.8 PJ35, and if this is escalated at the rate of 2% per 

year which allows for GPG, demand by 2020/21 will be about 276 PJ/y. Thus the average 

consumption from 2009/10 to 2020/21 is about (221.8+276)/2=249 PJ/y. Therefore total 

consumption from 2010 to 2021 is approximately 249x11=2739 PJ. Thus the remaining 3P reserves 

in the Victorian basins will be 9018-2739=6279 PJ.  As shown above the average rate of consumption 

for the U-S model between 2021 and 2041, is 327 PJ/y. Thus the life of the P3 reserves is 

approximately 6279/327=19.2 years say 19 years, and the reserves will be depleted by 2039. 

For the END model, average consumption from 2021 to 2050 is 222 PJ/y, and life of the 3P reserves 

will be 6279/222=28.3 years, say 28 years, with the reserves will being depleted by 2048. Thus life of 

the reserves will be extended by about 9 years using the END model. 

If the 2C reserves33 are considered, corresponding calculations to the above show that average 

consumption for the U-S model from 2021 to 2051 is 366 PJ/y, and the life of reserves is about 23 

years, with reserves being depleted by 2043. For the END model average consumption from 2021 to 

2061 is 220 PJ/y, and life of the reserves is about 39 years, with reserves being depleted by 2059. 

Thus reserves will be extended by about 16 years using the END model. This is a very significant 

extension, and buys time for other technologies to become established. 

When considering augmentation of existing pipelines, the capacity or size of gas reserves must be 

considered. Total remaining 3P+2C capacity as of end of 2010 for the Victorian basins was 11,324 

PJ33 and the Otway basin for example as of end of 2010 had a remaining 3P+2C capacity of only 

1518+527=2,045 PJ33. The total remaining reserves as of end of 2021 would be 11,324-

(249x11)=8585 PJ. Capacity of the existing 500 diameter pipeline from the Otway basin is 353 TJ/d, 

and this translates to an average usage of about 176 TJ/d (half of capacity) or 64 PJ/y. Thus a rough 

estimate of Otway usage from 2010 to 2021 is 64x11=704 PJ, and remaining 3P+2C reserves at 2021 

would be 2045-704=1341 PJ. This represents 1341/8585=15.6% of the total remaining Victorian 

reserves as of 2021, and in any scenario there would be no advantage in increasing the draw from 

the basin at a greater percentage than this (assuming that no new reserves are discovered) as the 

Otway basin would be depleted before the other basins. Thus when considering 3P+2C reserves, for 

the U-S scenario with a life of about 23 years, the Otway draw should be no greater than 15.6% of 

the average total draw of 366 PJ which equals 57.1 PJ/y. For the END model scenario, draw should 

be no greater than 15.6% of 220 PJ/y or 34.3 PJ/y. As mentioned above, the maximum capacity of 

the existing 500 diameter is about 64 PJ/y. Since the required capacity in both the U-S and the END 

scenarios is less that this (57.1 and 34.3), there would be no advantage in duplicating the existing 

500 diameter pipeline unless gas required to supply western Victoria could be made available from 
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other sources such as the Gippsland fields or coal seam gas imported from NSW. The above 

discussion is intended to illustrate the principle involved, with figures of remaining reserves being 

rough estimates only. Detailed modelling would be required to determine more accurate figures and 

the remaining life of the reserves under different scenarios. 

4.9 Generation Technologies and Beyond 2060 

In efforts to increase efficiency of energy utilisation and energy reserves, and to minimise green 

house gas (GHG) emissions, a number of technologies for the production of electrical power have 

been put forward for consideration. Some of these are:- 

1. Supercritical black and brown coal 

2. Wind 

3. Solar thermal with storage 

4. Photovoltaic 

5. Geothermal 

6. Open cycle gas turbine (OCGT) 

7. Combined cycle gas turbine (CCGT) 

The main factors to consider with each of these are capital costs, long range marginal costs and 

suitability for incorporation into existing electricity grids. Table 4.6 gives average costs of various 

types of proposed new power stations in Australia36. 

 

Type of Generation Status $/kw 

Black Coal Expansion of Existing 1021 

Gas New 1360 

Wind New 2748 

Hydro Expansion of Existing 533 

 

Table 4.6 - Capital Cost of Various Types of Generation 

 

Table 4.6 indicates that new black coal and gas fired stations have costs that are probably similar 

considering that the project involving black coal is the expansion of an existing station. However 

wind generation is about double the cost of coal and gas. The hydro projects that are costed above 

are for expansion of the Snowy hydro and probably have only minimal civil works involved. Capital 

cost for hydro plants is highly site specific, and the figures given in the table are for general 

information only. 

Supercritical coal plants are efficient with net cycle efficiencies up to about 45%37. However, they are 

somewhat more expensive than conventional sub-critical plants and are suited to base load 

applications with capacity factors (CF) of above 75% where load changes are small and slow. Long 
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range marginal costs are low, being in the order of $75/MWh at a 75% CF38. However, because they 

are coal fired, GHG emissions are significantly higher than for gas, and it is not likely in the Australian 

context that more coal fired plants will be built. 

The preferred method of future fossil fuel power generation is by gas. Gas may be used to raise 

steam which would then be used in a steam turbine which would drive an electrical generator, or it 

may be used in a gas turbine which would burn the gas directly to drive an electrical generator. The 

latter method is termed open cycle gas turbine generation (OCGT). Because the exhaust gases of a 

gas turbine are hot and therefore contain much heat, it is possible to pass the hot gases into a steam 

boiler to raise steam which could then be passed through a steam turbine to produce more electrical 

power. Thus there would be two generators, one driven by the gas turbine, and the other by the 

steam turbine. This method is termed combined cycle gas turbine generation (CCGT). OCGT 

generation though simple and reliable, has a low thermal efficiency of around 30-35%, and is used 

for meeting peak loads for short periods of time so that efficiency is not as important. The marginal 

cost for OCGT generation is about $120/MWh38 at a CF of about 20%. CF is the ratio of actual 

electrical energy produced in a certain period, say one year, and the energy it would have produced 

hat it been operation at full capacity. CFs are low when generators cannot operate because of 

maintenance or breakdowns, when they are deliberately not operated for large segments of time 

because of inefficiency (eg OCGT), or when they cannot operate because of lack of primary energy 

eg wind driven generators at times of low wind velocities. For intermediate and base load 

generation, efficiency is important and CCGT generation which has cycle efficiencies of 50-55%, is 

more suitable. Marginal cost for CCGT generation is about $120/MWh at 20% CF, $90/MWh at a 

35% CF, and about $65/MWh at 75% CF. Thus at low CFs down to 20% it is equal to OCGT 

generation, and at a 75% CF it is better than supercritical plants. In fact, CCGT generation is the 

technology frontier or the practical limit for the long term marginal cost of generation from about 

20% CF upwards. OCGT generation is the technology frontier at CFs less than 20%. If a price is put on 

carbon emissions, the marginal cost advantage of OCGT and CCGT generation remains, except for 

wind capacity factors of over 30% when the price of carbon is $25/tonne of CO2 .This wind CF occurs 

only rarely, so for practical purposes OCGT and CCGT generation remain as the technological 

frontiers, even with a $25/tonne carbon price. Because of its high efficiency, CCGT generation is the 

recommended method for the END model, where in conjunction with heat recovery, overall system 

efficiencies of about 90% can be achieved. In addition it is very flexible in operation, being able to 

take up or drop system loads quickly, which conventional sub-critical or supercritical base load coal 

fired plants cannot do. This is a great advantage when a sizeable proportion of installed grid 

generating capacity is derived from wind generators. 

Energy from wind generators is a renewable resource and there are no GHG associated with it. Thus 

in the Australian context it is desirable to increase its proportion of the energy mix. At present wind 

generation represents almost 50% of all proposed new generation in Australia39. However there are 

some obstacles to its application which may prevent or curtail its widespread application. The first of 

these is its high capital cost, which from Table 4.6 is about twice that of gas generation. Also, wind 

energy is highly variable, and CFs for existing wind farms vary from about 24% to 39%40, with an 
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average of about 25% in South Australia41 which has a high wind generation potential. This means 

that only about 25% of installed nameplate capacity can be considered to be producing at full 

capacity. The other 75% is considered to contribute no electrical energy, and no contribution to GHG 

emission reduction. In fact AEMO, the market regulators will accept only 8% of wind installed 

capacity as available supply (95% availability) for Victoria, 5% for NSW and 3% for South Australia42 

in summer to meet maximum system demand. Thus, whilst wind contributes to electrical energy 

produced, and hence to reduction in GHG emissions, its contribution to satisfying system maximum 

demand is very small – only 8% in Victoria and 3% in South Australia. This means that for practical 

purposes nearly all system demand increases must be met with fossil fuel plant. Thus from a national 

economical point of view, investment in wind is very inefficient since nearly all wind generating 

capacity, expensive as it is, must be duplicated by fossil plant. Another negative factor is that wind 

generators produce much of their output at times when it is not needed, such as at night. To 

accommodate their output, efficient base load stations must have their output reduced, and this 

may not be easy since coal fired base load stations have a high thermal inertia. Then, if the wind 

drops suddenly as it is prone to do, the capacity must be quickly made up again using hydro or quick 

response fossil fuel plants. For these reasons and also for social and aesthetic reasons, the 

installation of wind farms should be considered carefully in the future and they should not be 

accepted as the universal panacea for emission reduction. 

Even though fuel costs are zero, the marginal cost for wind generators is about $100/MWh at 30% 

CF, being about the same as for CCGT generation at 30% CF. This does not allow for the extra costs in 

building transmission lines, which must be built for the name-plate rating of the generating units, 

even though most of the time the lines are carrying only 25% or less of the capacity of the 

generating units. Nor does it cover the cost of the nearly equal generating capacity of fossil plants 

which must be built to serve as backup for them. 

As discussed above, because energy by wind powered generators is so variable, dips in supply must 

be made up by fossil fuel or hydro plants, and they must do so quickly. Gas turbine plants, having 

little thermal inertia, can do this. Therefore with the END model, CCGT generators can quickly shed 

their thermal load, and ramp up both the gas and steam turbine outputs to deliver maximum name-

plate electrical capacity, at maximum electrical efficiency. There will be no need to have peaking 

OCGT generators. Any loss in thermal output to supply heating loads can be covered for short 

periods of a couple of hours by the thermal inertia of the distribution pipework system. When wind 

speeds come up again and the wind generators can again adequately contribute to the required 

system load, the gas turbines can reduce electrical output as required. Where a large proportion of 

wind powered generation exists in conjunction with large base load traditional sub-critical stations, 

control difficulties can be experienced with sudden wind changes. Hence care must be taken in the 

installation of wind power – if there is more variation than the variable output systems such as gas 

turbine or hydro can handle, system overloads will occur. This will cause voltage and frequency of 

generation to drop, and once tolerances are exceeded, load will have to be dropped by opening 

circuit breakers thus causing blackouts. If the control systems which operate the circuit breakers do 

not operate quickly or reliably enough, much damage can be caused to customer equipment 

connected to the grid. The CCGT generators which form an integral part of the END model will 
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mitigate these problems, and hence are able to work in well with wind and other forms of 

renewable energy.  

At this stage, large scale solar generation is not considered to be a major influence in future 

renewable energy supplies for Australia. Solar electricity is not likely to exceed about 14% of all 

renewable sources by 202143 with a low carbon price. Figures for likely capacity factors are not 

available, but measurements made in Germany on solar PV installations show that it is only about 

6%44. Conditions for solar are much better in Australia than in Germany, but CF would probably be 

no more than 30% as indicated on the AEMO curves38. At 30% the marginal cost for PV with single 

axis tracking and no carbon tax is about $175/MWh, which is considerably higher than for wind at 

$100/MWh. Solar thermal with six hours of storage and located in central parts of Australia could 

have a CF of possibly 65% as indicated on the AEMO curves38, and marginal cost is about $100/MWh, 

and so comparable with wind. With a CF of 65%, transmission lines need only be about 150%, 

(compared with about 400% for wind), of nameplate-capacity, but if the stations are remote, lengths 

of lines could be longer than for wind generation. 

Geothermal energy is still fairly embryonic in development, and considerable research is required to 

bring it into widespread use. At this stage 525 MW of installed capacity have been proposed, 

representing about 1.6% of all proposals in 201139 . Marginal cost has been estimated to be about 

$120/MWh at 75% CF, which is comparable with solar storage. An advantage of geothermal over 

solar with storage is that it can operate at high CFs hence requiring lower capacity transmission lines. 

As was discussed in Cl.4.8, existing 3P+2C  Victorian  gas reserves    are likely to be depleted around 

2060   even with the END model, though this is 16 years longer than for the U-S model. In addition, 

the existing gas DTS  will still be adequate with reasonable cost augmentation – adding compressors, 

and/or a small amount of LNG injection. Thus with the END model, the existing primary energy 

transport system will still be adequate. With the END model, the efficiency of primary energy 

utilization in power generation with thermal recovery through co-generation would be between 70% 

and 90%, compared with about 35% for the U-S model. Also the distributed system of generation 

using CCGT generators enables variable renewable energy sources to be easily integrated into the 

electrical grid. The main challenge then with the END model is to find adequate supplies of primary 

energy after Victorian gas reserves are depleted. Whilst renewable sources such as wind, solar and 

geothermal can provide electrical energy which can be transferred along transmission lines, thermal 

energy is still required to heat houses, office buildings and industry. 

One solution is to import gas from NSW and Queensland which have abundant resources of coal 

seam gas. This solution merely requires building pipelines, and may be attractive. However the 

process still produced GHG emissions even though the END model reduces them to an absolute 

minimum. 

Another solution could be to convert abundant coal to syngas in a way similar to that discussed in 

Cl.4.4 for the useful disposal of biomass and other organic substances. This solution could be 

integrated into the END model by increasing the size of city gasification plants and transporting 
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pulverised coal to them.    This solution would be more expensive than the first, and would also 

produce GHG emissions, even though these are reduced to a minimum with the END model. 

A third solution could be to convert electricity from renewable sources to hydrogen gas to enter into 

a hydrogen economy45 . Electrical energy from say solar, wind or geothermal would be used to 

generate hydrogen gas through the electrolysis of water. The hydrogen gas could then be converted 

to methane using hydrogen and carbon dioxide in the Sabatier process.   Natural gas is composed 

principally of methane, therefore the methane produced can be injected directly into the existing 

gas pipeline to supply the END cities. The process is carbon neutral since the carbon required to 

produce the methane would come from the atmosphere, and it would be returned to the 

atmosphere in the combustion process. Converting the hydrogen to methane circumvents the 

problem of hydrogen embrittlement of steel. It also avoids safety problems with the leakage of 

hydrogen which is very flammable with a wide explosive range of hydrogen/air mix.    Primary energy 

in the form of methane could be obtained continuously and injected into the pipeline system 

without the need to store it, from a geothermal source, or from solar with 12 hours storage to make 

up for night hours. Both could be supplemented by wind energy whenever it is available. Because 

wind energy is so variable as discussed above, its contribution to the energy mix should be relatively 

low unless the energy that it produces can be stored. A possibility is to convert wind electrical 

output to methane which can then be injected into the gas pipework system. The pipework system 

itself will act as a storage device, but more storage can be obtained by injection into depleted 

underground natural gas basins as is presently done at Iona on the south west Victorian coast. 

Future technological developments may provide further options to provide primary energy to the 

economy. Whatever technology is used, the END model is designed to enable it to be easily used  in a 

smooth transitionary process. Thus the END model enables adequate energy supplies to be made 

available to the economy, and to efficiently utilize and distribute that energy from the time it is 

initiated   into the distant future, beyond the time when natural fossil reserves are exhausted.    

 

4.10 Thermal Distribution 

Thermal distribution of energy is presently carried out in various settings – university campuses, 

industrial complexes, but more notably in district heating schemes which are common in Europe46. 

The main reasons for installing District Heating Schemes are (a), they are much more efficient in the 

utilization of energy, thus reducing costs to the consumers, (b), they can reduce the cost of heating 

plant for consumers since the generation of heat is carried out centrally in a large plant, and (c) air 

pollution is greatly reduced because a large plant, even if co-generation is not used, can be and 

generally is better maintained and controlled, thus producing fewer emissions.  District Heating 

Schemes can vary considerably in size from some serving small villages to   others serving entire cities 

such as Stockholm, where main distribution pipework can be in the order of a meter or more in 

diameter. Very often the systems are used in conjunction with  co-generation as is proposed with the 

END city model, but often thermal energy is provided by boilers which may burn oil, coal, biomass, 
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gas or solid wastes.  The thermal energy is generally carried by hot water in insulated steel pipes 

which can be buried directly into the ground or placed in concrete enclosures. Hot water is pumped 

from the central power station through the main pipework, and then distributed to different 

sections of the city through secondary pipes. At each major building, or block of houses in medium 

density construction, or factory, or green house, tertiary pipework taps off hot water into heat 

exchangers which then supply the building with water at the temperature it requires. These heat 

exchangers at the final load point protect the central system from loss of pressure due to local 

failures, they relieve local pipework from the higher pressures of the central system, and they 

protect the central system from possible back-feed contamination. 

As discussed in Cl.4.6, a supply water temperature of 1350C would be suitable for most commercial 

and domestic applications, enabling absorption refrigeration to be used for air conditioning. This 

temperature would also satisfy most industrial processes, but in some instances a temperature of up 

to 200oC may be required. The higher the supply water temperature, the lower the efficiency of 

primary energy utilization. Also, higher temperatures require higher pressures in the pipework to 

prevent the water from boiling within them. This requires heavier and therefore more expensive 

construction. A temperature of 1350C (corresponding to a pressure of 212 kPa or about 30 psig) is a 

practical upper limit to supply most residential, commercial and industrial though 1200C is often 

used when space heating only is  required47. It is proposed that industries which require higher 

temperatures than this be segregated into ‘suburbs’ where a limited amount of pipework only need 

be constructed to high pressure standards. Also only small amounts of high temperature water are 

likely to be produced, hence maximising overall efficiency. Alternatively, factories which require 

temperatures above 1350C can generate temperatures to whatever they need by using local gas 

fired boilers. These can supply all their high temperature needs, or they can act as top-up devices for 

temperatures above 1350C. 

Some applications such as green house heating and aquaculture can utilize temperatures well below 

1350C, around 800C. Again these applications can be segregated into ‘suburbs’, resulting in 

significant efficiency gains. 

Cooling for air conditioning can be supplied from the central power station by pumping chilled water 

in a similar way to hot water. However, chilled water pipework must be considerably larger than hot 

water pipework of the same thermal capacity. In addition chilled water pipework is susceptible to 

moisture condensation, and must be vapour proofed. Any failures in the vapour proofing could lead 

to the migration of moisture on to the pipework and hence to severe corrosion. Hence it would be 

problematic to bury the pipework directly into the ground although it has been done, at least in 

small diameter pipes in the order of 50mm in diameter. For larger pipes it would be prudent to 

contain the pipe in concrete enclosures or trenches. This would lead to higher costs, and it is likely 

that simply pumping hot water and allowing chilled water to be generated at the buildings using 

absorption or adsorption refrigeration, would be more economical and reliable. 

Another method of supplying cooling is through the use of ice slurry rather than chilled water. This 

method is used in industrial applications, and could be used in END cities. Ice slurry pipework must 

be vapour proofed also, but it has a much higher energy carrying capacity, and can therefore be 
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considerably smaller than chilled water pipework for the same load. It may be economical to use ice 

slurry systems for large industrial loads which are fairly close to the power station where the slurry is 

generated using electric refrigeration. In this type of application the pipework could be placed in 

concrete enclosures, together possibly with hot water pipework and other services. An advantage 

that emerges with central cooling systems, both of the chilled water and ice slurry type, is that they 

can be used in conjunction with ice storage systems. Ice can be produced at night when there is a 

low electrical demand, stored, then used the next day to provide cooling. Since air conditioning is 

becoming a dominant summer electrical load, a storage system allows generating plant to be 

reduced in size, thus saving capital costs. It also provides a means of better utilising the electrical 

generating plant, that is, the capacity factor for the plant is increased. 

For larger cities, thermal distribution pipework can be quite large, with mains in the order of 1 meter 

or more. As mentioned in Cl.4.1, a single power station could be replaced by multiple stations, 

located to suit the population and industry centres. A city of 700,000 would require about 1540 MW 

of installed generation capacity. This could be provided by four stations each of 385 MW, installed in 

accordance with the expansion schedule of the city over its maturation period. This strategy could 

reduce the size and the length of mains. For some cities it could be economical to feed the thermal 

output of all power stations into a ‘ring’ main from which population centres could be supplied.  

Energy usage by consumers is metered just as water and gas are, except that in addition to the 

volume of water consumed, the difference in temperature between the water entering the 

customer’s system and that leaving must also be measured. Energy meters do this automatically and 

do the necessary calculations to give an accurate energy measurement. These meters are commonly 

used in district heating schemes in Europe and elsewhere. 

Ownership of the thermal distribution system could be public or private, though in modern times 

public ownership of utilities is becoming rare. With ownership being private, the distribution system 

could be owned by the same utility which owns the central generating plant. The same company 

would then be responsible to maintain and extend the thermal distribution system. Alternatively, 

the distribution system could be owned by separate distribution companies, just as electrical 

distribution is administered in Victoria at the present time, under the supervision of a government 

body to ensure standards are met. Retail of thermal energy could be carried out by retail companies 

just as electricity and gas are presently retailed at present. 

 

4.11 Green House Gas (GHG) Emissions 

The burning of fossil fuels, whether to generate electrical power or to supply thermal energy 

produces GHG emissions in direct proportion to the fuels burned. However the emissions produced 

depend on the type of fuel, gaseous fuels producing significantly fewer emissions than solid fuels. 

Black coal from NSW produces 95.1 kg CO2-e/GJ, while natural gas from Victoria produces only 63.4 

kg CO2-e/GJ, i.e. about two thirds for the same energy output48. These figures do not take into 

account the efficiency of the final appliance which converts the fuel to heat. For small to medium gas 

fired boilers this is about 70%. Brown coal in Victoria used for electricity generation produces 

                                                           
48

 AGO Factors and Methods Workbook December 2006 Appendix 1 Table 18 



 

25 

 

significantly higher emissions than does black coal in NSW. In a full cycle Brown coal produces 368 kg 

CO2-a/kWh, while black coal from NSW produces 297 kg CO2-e/kWh48, i.e. brown coal produces about 

24% more emissions than black coal. 

END cities utilize gas in their power stations, thus emissions from a primary energy viewpoint are 

67% those for black coal49, and about 52% of those for brown coal50. In addition, the thermal energy 

from the power generating process is utilized for heating, and as mentioned in Cl.4.2 and Cl.4.3, 

overall community energy consumption and hence emissions can be reduced by 25% if efficiency of 

generation is doubled to about 70% (i.e. as much reject heat is utilized as electrical output in 

accordance with the Australian profile of energy use), and if efficiency of generation can be 

increased to 90%, by utilizing all reject heat in high energy industries and green house heating, then 

overall energy consumption and emissions can be reduced by 70%. These estimates are based on all 

heat not supplied by co-generation to be supplied by heating boilers operating at 70% efficiency. 

If the emission reductions obtained through burning gas rather than coal are combined with the 

reductions made by lower energy consumption through co-generation, the following reductions in 

emissions will be made. 

Generating Efficiency Nat Gas Fraction of 

Black Coal Station 

Nat Gas Fraction of 

Brown Coal Station 

No Co-gen – 35% 0.67 0.52 

Co-gen        - 70% 0.49 0.39 

Co-gen        - 90% 0.19 0.15 

 

Table 4.7 – Fractions of Emissions Using Natural Gas 

Table 4.7 shows that very significant reductions can be made using the END model. With a  thermal 

energy consumption equal to the electrical consumption, as per the Australian profile, overall 

community emissions using natural gas for electrical generation will be only 49% (i.e. a reduction of 

51%) of those when no co-generation is used with a conventional coal fired station. With a brown 

coal fired station, the fraction will be only 39% (i.e. a reduction of 61%). If efficiency of utilization can 

be increased to 90%, so that all reject heat is used and the only losses are stack losses, emissions are 

reduced dramatically by 79% for black coal and 85% for brown coal. It is only by making reductions 

of this order of magnitude that emission targets as discussed in Section 1 Cl.1.4 are achievable. 
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SUMMARY 

 

This Paper was prompted by the increasingly obvious adverse effects of the ‘Urban Sprawl’ mode of 

urban expansion of Australian capital cities. Population of the nation is increasing steadily with a 

fertility rate of about 1.8 babies per woman, and a net overseas migration of about 180,000 persons 

per year. With over 64% of the nation’s population concentrated into the capital cities, there is a 

magnification effect for them, as demonstrated by Melbourne which is increasing at the rate of 2%, 

while Victoria as a whole is increasing at 1.8%. At this rate the actual increase for Melbourne is an 

alarming 82,000 per year, which is approaching the population of Ballarat. These high rates of 

population increase are problematic, and if not addressed now, could impose severe restrictions to 

the nation’s future economy and unfavourably affect the wellbeing of its citizens. Some of the areas 

adversely impacted by the urban sprawl are as follows. 

NEGATIVE INPACTS OF URBAN SPRAWL 

Infrastructure and housing costs. 

As cities expand infrastructure such as transport systems, water services, energy services and waste 

services must keep up with the expansion. Because population densities are low, the cost of 

providing this infrastructure per unit dwelling is high, and this affects housing costs. It has been 

estimated that building on the fringe of Melbourne adds about $30,000 to the cost of a house 

compared to one in a middle suburb. Infrastructure such as roads must become larger and more 

costly to cater for increased loads, and resources such as water must be brought in from afar meet 

the demands of the higher populations. An example is the transport systems which required an 

estimated $38 billion expenditure to make them workable to approximately 2015. The desalination 

plant at Wonthaggi will cost about $6 billion to provide an adequate water supply system until 2026. 

The lamentable aspect of these expenditures is that they are recurring. After 2015, more money 

must to be found, perhaps $40 billion to keep the transport system workable for another 10 years, 

and after 2026 possibly another desalination plant at a cost of $7 billion will have to be built. 

Environmental and energy costs 

As population sizes increase, more water is needed to supply metropolitan needs and also for crop 

irrigation. This can be provided from natural watercourses or from desalination plants. If from 

watercourses, this reduces their flow and places stress on the natural environment. It is unlikely that 

desalinated water would be used for irrigation because of high energy costs, but even if used only 

for potable water, energy costs are significant as are green house gas (GHG) emissions. 

The treatment of waste water in conventional development requires large mechanical plant 

expensive in both capital and energy costs. Most of the nutrients contained in it are discarded to 

ocean outfalls, and lost to the community. Solid wastes are largely consigned to landfills where they 

produce GHG emissions, as well as odours and pests, and present potential underground water 

contamination and fire hazards. 

The existing urban system is profligate in terms of energy usage, rapidly consuming the nation’s 

reserves of gas and oil. Approximately 33% of all non-transport energy consumed in Australia is 
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electrical. Yet to generate this energy, because of the low efficiency of conversion of about 33%, 

more primary energy is consumed than for all other non-transport usage. This is a clearly inefficient 

use of resource, yet it is accepted because the general mode of urbanisation is not conducive to 

accepting reject heat from power generation. Associated with this high energy consumption is the 

production of GHG emissions, which Australia is unconditionally committed to reduce to 5% below 

2000 levels by 2020 after having ratifyied the Kyoto Protocol. In spite of the commitment, the reality 

is that the 2011 emissions were 9% above 2000 levels and rising at a rate which will take 2020 

emissions to 24% above 2000 levels. It seems clear that the Kyoto commitment cannot be met 

unless drastic changes are made. 

Congestion Costs 

Mean travel times to work for Melbourne and Sydney are around one hour, and for outer suburbs 

around one and a half hours. This produces stress and adversely affects health and wellbeing. Elderly 

and very young people and those suffering from respiratory disorders are more at risk. Stress affects 

the emotions, and therefore performance at work, absenteeism and lateness. It also affects moods 

and relationships at the workplace and outside it. In addition, there are high costs involved in lost 

time and energy in the transport of people and goods and in pollution abatement. It is estimated 

that by 2020 these costs plus associated health costs, will amount to about $9.3 billion/year for 

Sydney, and $7.5 billion/year for Melbourne. These costs are very significant and will affect the 

competitiveness of Australian cities in the international market. 

AN ALTERNATIVE TO THE URBAN SPRAWL 

This Paper proposes a system of managed decentralised urban development to remedy the negative 

effects of the existing urban sprawl model.  It is termed ‘Expanding Nodular Development’ (END), 

and it is shown that this can provide a sustainable and economical path or blueprint for 

development to 2061 and beyond, to a time when renewable energy resources can meet 

substantially all non-transport requirements. The END model requires a gradual halt to the opening 

of new development land in capital cities, and instead open land in compact satellite cities which 

surround the capital. The new cities would be close to the capital, but remain separate entities and 

be self sustaining with their own industries and commerce to support them. The basic philosophy 

behind the concept is to provide people with jobs at their place of residence, i.e. ‘to live where they 

work’ so that there is little need to commute. 

 The END cities would originate at existing small ‘seed’ communities such as small towns, to provide 

initial infrastructure and labour, and would gradually grow to a predetermined size within a 

maturation period of about 15-20 years. Initially there could be three to seven cities for Victoria, in 

this first wave of expansion, all between about 30 and 100km from Melbourne. After about 10 years 

a second wave of cities would be started, these being about 100 to 150km from Melbourne. The 

process is continued with third and fourth waves at ever increasing distances from the capital city 

until a stable State population is reached.  

It is important to plan the END cities to an approximate maximum size, so that infrastructure such as 

roads, public transport, water, waste and energy systems can be planned to that size. Infrastructure 

can be expanded as the city grows, but should not need replacing or upgrading. In this way 

infrastructure costs are minimised and are not recurring, in contrast with the urban sprawl model. It 
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is proposed that the minimum size for END cities be 100,000 in order to provide adequate business, 

labour, educational, health and cultural opportunities for a modern community. It is suggested that 

a maximum size be about 700,000, based on the concept of ‘liveability’ and on practical planning 

considerations. Discussion and tabular data in the Paper are generally in terms of cities of 100,000, 

but this should be considered a basic module, with cities being between 100,000 and 700,000. To 

minimise cost of land, housing and infrastructure including energy distribution, it is proposed that 

END cities be compact with overall densities of about 2,700 people/sq.km. This is lower than that of 

the inner suburb of the City of Port Philip, which has a density of about 4,700/sq.km. 

The END model addresses all important issues facing urbanisation in Australia. These are discussed 

briefly in the following. 

END MODEL CORRECTION TO THE URBAN SPRAWL AND CONVENTIONAL URBANISATION 

Potable, non-potable, and irrigation water 

Water is saved by recycling waste water for non-potable use, and by collecting storm water runoff. 

Recycling water so that it constitutes about 70% of the total supply, ensures that potable water 

drawn from nearby natural watercourses or piped in from a distance is conserved as much as 

possible. Recycled water is supplied to consumers through a second pipe. This is a significant 

expense when dealing with low density urban sprawl, but is reasonable in a compact urban area, 

especially a new one when all services can be laid together. All waste water is treated in biological 

treatment ponds, and excess is discharged to central pondage, where it is collected together with 

storm water runoff. Water from the central pond, or ponds, is used for irrigation of crops, and also 

for the cooling of power station generators which supply electrical and thermal energy for the city. 

For an area with an annual rainfall of 600mm/year, and allowing for evaporation and the release of 

as much water into the watercourse as was taken from it as potable water, there would be sufficient 

water, on average, to irrigate about 3.5 times the land (based on average Australian use of irrigation 

water) that would be required to produce the city’s own consumption of open field type crops. Thus 

on average there would be considerable excess produce which could be processed and exported. 

Hence, the END model would be largely self sufficient in water in contrast with the urban sprawl 

model which requires most of its water to be  piped in from a distance, or  produced in a 

desalination plant at great environmental cost. In general the END model produces enough irrigation 

water to more than satisfy its own requirements for crop irrigation, thus conserving water to 

maintain healthy river basins such as the Murray Darling which are becoming highly stressed. 

Waste water treatment 

Most large urban areas treat waste water using mechanical means which are expensive both in 

capital and operating costs. The water produced by these is generally Class C which must be further 

processed to produce Class A, the quality required for recycling. In addition there is no nutrient 

reclaim from these plants which thus waste valuable resources of phosphorus and nitrogen. It is 

proposed that biological methods using duckweed pondage replace mechanical plants. These ponds 

are inexpensive to build, can produce water to almost potable standard if required, and they recover 

most of the nutrients in the water to be used as animal fodder or fish food in aquaculture. The water 

produced must still be disinfected to produce Class A effluent and meet health standards, but 

degree of disinfection is light. 
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Solid Wastes disposal  

Modern cities produce vast quantities of waste and this is increasing at a rate of about 4% per 

annum per person. Some is being recycled, some is composted but most of it goes to landfill where 

underground aquifer contamination and fire hazards are produced as well as GHG emissions, 

unpleasant odours and vermin. Yet much of the waste that goes to landfills contains a valuable 

resource, energy. Harvestable energy is contained in all biomass including green wastes and 

sewerage sludge, in plastics and in tyres, in fact in all hydrocarbons. In the process of pyrolysis 

hydrocarbons are heated up to high temperatures, thermally decomposed, and reacted with steam 

to produce a burnable gas called syngas. This gas can be burned in a boiler or a gas turbine to 

produce electricity. In this way solid wastes can be disposed of in an environmentally acceptable way 

and at the same time useful energy can be harvested to help offset the operating costs of the plant. 

At present in most states government levies on garbage are too low to make pyrolysis a viable 

alternative to landfill. Consideration should be given to raise levies to about $100 per tonne as is 

done in many European countries. Syngas can make a valuable contribution to Victoria’s gas 

reserves, and when used in conjunction with the utilization of waste heat from power generation 

(co-generation) can extend natural gas reserves by about 16 years beyond the time when 

conventional practice exhaust them. 

Efficient utilization of primary energy and GHG reduction using co-generation 

The overall efficiency of electric power generation is about 33%, after making allowance for 

electrical transmission losses. Thus about two thirds of all primary energy used in power generation 

is wasted to atmosphere through cooling towers and cooling ponds. If this rejected heat could be 

utilized, energy usage could be reduced significantly, and consequently GHG emissions. It is shown 

that in the typical Australian industrial/commercial/residential mix, there is sufficient demand for 

reject heat that the efficiency of utilization can be doubled to around 70% through this process of 

reject heat recovery termed co-generation. As mentioned earlier, more primary energy is consumed 

to produce electricity as is consumed by all other non-transport uses even though electrical energy 

consumption is only half of non-electrical, i.e. one third of the total. It can be shown, taking into 

account conventional heating efficiencies of about 70%, that if electrical efficiency is doubled (by 

distributing as much thermal energy as electrical energy) through co-generation there is an overall 

reduction of primary energy use of about 25%. This is a very large reduction, and requires no special 

technology. The only requirement is that thermal loads be located fairly close, within about 5 km of 

the power station. If the load mix were such as to utilize about 90% of the thermal output of the 

power station, overall primary energy use could be reduced by about a staggering 70%. With the use 

of green houses and aquaculture for food production, and the agglomeration of energy intensive 

industries such as chemical and food processing close to the power stations, thermal energy 

utilization could be increased to this level in END cities; their compact layout permits thermal 

distribution without excessive capital costs. Co-generation applied on a large scale as envisaged with 

END cities is the single most effective way of making large reductions to societal energy use, and 

GHG emissions, both in the order of 70%. The concept of END cities, compact and designed at 

inception makes this possible. It is probably the only way for Australia to realize its emission targets 

under Kyoto. 
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Gas reserves and gas distribution network 

With the growing concern with GHG emissions, it is likely that most electrical power generation will 

be natural gas driven. This, together with increasing demands placed by an increasing population 

places increasing strains on gas reserves and the pipework system needed to deliver them. It is 

estimated that with the phasing out of coal fired power stations and increasing reliance is placed on 

gas, existing, probable and contingent gas reserves of Victorian basins will be depleted around 2045. 

With the END model, this time will be extended by about 16 years to around 2060, which is 

considerable, but more importantly, the model ensures maximum efficiency of utilization, so 

facilitating full use of renewable energy resources, possibly through a hydrogen economy. 

The existing gas supply system with the urban sprawl model will be about 14% under capacity by 

2021, and about 60% by 2061. Even with maximum reasonable augmentation of the system it will be 

about 16% under capacity by 2041 and about 45% by 2061. On the other hand with the END model, 

the existing system will be adequate right through to 2061 with only minor augmentation, thus 

saving high capital augmentation costs. 

Congestion 

As mentioned above, costs of congestion and allied health costs will amount to about $9.3 

billion/year for Sydney and $7.5 billion /year for Melbourne under the existing urban sprawl model 

by 2020. With the END model these costs will be largely eliminated. Smaller cities with road and 

public transport systems planned to cater for a maximum size of the cities, together with reduced air 

pollution due to the efficient burning and utilization of energy, and reduced stress levels will ensure 

this. 

Amenity 

END cities will be designed within modern design guidelines. They will have attractive residential and 

commercial buildings with large open spaces, and lakes and ponds for recreation. Walking and 

cycling tracks will be an integral part of their design. They will essentially be ‘green’ cities, with 

special emphasis on environment, and blending into the local natural systems. 

Jobs and the economy 

The underlying premise of the END model is that people live where they work. Hence it is important 

to create jobs which will support large communities. One of the ‘kickstarter’ industries for END cities 

is the horticulture industry. In Victoria large deficits in horticultural products are predicted by 2030. 

END cities with abundant supplies of low cost energy would be ideal for the establishment of green 

houses which can be heated with this energy. The potential for heating can provide green house 

capacity much greater than the cities would need for their own consumption, thus enabling the 

supply deficit to be overhauled and food made available for export. Much of the produce would be 

processed, and again the availability of abundant low cost energy facilitates this. The abundance of 

irrigation water brought about by stormwater collection and waste water recycling would allow 

general agriculture and animal husbandry such as piggeries and poultry to prosper. The recycling of 

nutrients from waste water to animal fodder through biological treatment is a further resource 

which can be exploited for industries such as poultry and pig farming to assist in establishing and 
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growing them. Low cost energy also helps establish aquaculture to provide high quality protein for 

local and export markets. 

Low cost energy and abundant water facilitate the establishment of industries generally, especially 

those which are energy intensive such as milk and dairy products, textiles, general food processing, 

and the chemical and pharmaceutical industries. All of the above industries are excellent candidates 

for the generation of jobs, and once a small number of businesses are established in a ‘seed’ 

community, a small established town, more would follow. The multiplier effect of primary jobs in 

agriculture and manufacturing would quickly generate more jobs as retailing, health, financial, 

building and educational services are needed. 

An essential requirement for the establishment of an END city is an energy source. Hence it would 

be necessary for power authorities to build the first module of a power supply and thermal 

distribution system in conformance with power and energy forecasts. Investment in power 

generation must be made somewhere in the States in any case in order to secure future energy 

supplies – they would simply be made in accordance with the END model program as established by 

State planning authorities. 

Because the END city concept is efficient in the use of resources and greatly reduces waste both in 

resources such as water, energy, and nutrients, and money such as in infrastructure, health, and 

congestion costs, the overall economy must be positively impacted by their establishment. Goods 

and services costs would decrease and Australian competitiveness in international markets would be 

bolstered, enabling an increase in exports which further energises the economy. 

Housing 

The cost of housing is greatly dependant on the cost of services such as roads, water, sewerage, and 

energy. Through compact design the END model minimises all of these, with savings in the order of 

$30,000 per home. By 2026 only about 30% of all households will be couples with children, but 

about 25% will be lone person households. The remaining 45% will be single parent or couples with 

no children households. Reflecting these figures, around 70% of households would live in medium 

density housing and high density apartments, and 30% in low density housing of 15 dwellings/ha. 

Land area for medium and high density dwellings, per dwelling, works out to be less than 40% of 

that for low density dwellings. Thus cost of land should be at least halved, contributing a further 

reduction of about $90,000 per dwelling. Total savings for medium and high density dwellings, 

assuming that construction costs remain the same are thus about $120,000 per dwelling. This 

amounts to 23% of the median price of houses for Melbourne in 2010, which is a significant saving. 

With innovative ways of constructing medium and high density housing, such as factory build 

modular construction, savings should be even greater. 

 

FUTURE CONSIDERATIONS 

The END model offers a blueprint for future sustainable urban development in Australia. It allows 

population growth without imposing on the environment, conserves energy resources well into the 

foreseeable future, and paves the way for full use of renewable energy. Forming the backbone of a 

distributed system for power and water, it offers security of supply for both. With its high efficiency 
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it will enhance economic growth, and make Australia more competitive on the world economic 

stage. Australia is blessed with much land, plenty of sunshine and a mild climate over large portions 

of it. However much of the continent is dry, and water resources are stretched. The END model 

offers a way to overcome this limitation, so that Australia can produce food in abundance, in a world 

which is becoming increasingly desperate for it. With foresight and good management, Australia can 

become a bread bowl for the world, and increase its prosperity at the same time. The driving force 

for change in Australia’s patterns of urbanisation is population pressure. The natural birth rate of 1.8 

children per woman is fairly high by OECD standards, and net overseas migration is likely to increase 

with world unrest. We now live in a global community and are no longer an island fortress. It is 

unlikely that population pressures will ease in the future, and we must plan for them. 
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Fresh supplies: Lettuce grows at Bacchus Marsh. Source: News Corp Australia

EXCLUSIVE: THE farmland on Melbourne’s fringes will be able to produce just 18 per cent of the city’s food demands by 2050.

Farming regions surrounding the city such as Werribee, Bacchus Marsh, the Mornington Peninsula and the Cardinia and Casey shires in Melbourne’s
southeast currently produce 41 per cent of all fresh fruit and vegetables for Melbourne, but are rapidly shrinking due to pressure from encroaching housing
and other urban infrastructure.

Narre Warren market gardener Mario Meneghetti, who grows vegetables on 10ha, said his farm was surrounded by housing development.

“Most of the good land ends up underneath houses and the farmers end up having to move out to the land of rock and thistle to try to scratch out a living,”
Mr Meneghetti said.

Despite representing just 2 per cent of Victoria’s agricultural land, the inner-Melbourne foodbowl produces 96 per cent of Victoria’s berries, 94 per cent of its
asparagus, 92 per cent of its cauliflowers and 88 per cent of its mushrooms.

Foodprint Melbourne — a two-year collaborative research project investigating Melbourne’s foodbowl — will today release its first report investigating the
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impact of losing “highly productive” farmland on Melbourne’s fringe.

According to the report, Melbourne’s foodbowl supplies 41 per cent of all fresh fruit and vegetables to the city, but this is expected to drop to 18 per cent by
the time the city’s population hits seven million people in 2050.

At its current population of 4.37 million people, Melbourne requires 15,080 tonnes of food a day — about 3.45kg a person.

This will need to increase to about 24,132 tonnes a day by 2050. The Melbourne area will go from being able to meet 82 per cent of its vegetable needs to just
21 per cent, the report says. It will also only be able to supply 46 per cent of its poultry and egg needs, down from the current 100 per cent.
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. Source: The Weekly Times

The report divides Melbourne’s foodbowl into an “inner” area including Werribee, Sunbury, Wandin, Cranbourne, Koo Wee Rup and Clyde, and an “outer”
area including Meredith, Bacchus Marsh, Warragul and Kilmore.

Highly perishable foods, such as leafy greens and berries, are typically grown in the inner area, while the outer foodbowl produces a more diverse range,
including protein such as eggs and meat.

The report estimates that by 2050, about 16 per cent of Melbourne’s foodbowl farmland — including up to 77 per cent of the farmland in the inner area —
could be lost if urban expansion trends continue.

Deakin University research fellow Rachel Carey, who worked on the research project, said the report’s findings would likely come as a surprise to consumers
and policymakers.

“Many people aren’t aware of how much food comes from the fringe of Melbourne and how important those farms are to our supply of fresh fruit and
vegetables,” Dr Carey said.

“At the moment we don’t have good integrated policy solutions to deal with this issue and long-term planning to maintain the capacity of the foodbowl.”

Dr Carey said Victoria needed to plan for the city’s food production in the way the state planned for transport or any other infrastructure.

“Cities have always grown highly perishable foods such as fresh fruit and vegetables on the city fringe close to markets,” Dr Carey said.

“One of our most water-secure areas for growing food during drought is the city fringes close to water treatment plants.

“These areas are likely to be particularly important in the future as we’re likely to have less water available for food production.”

Dr Carey said the other stages of the project, to be delivered next year, would look at longer-term protection of fertile agricultural land and recommendations
for right-to-farm policies.

• Read the Foodprint Melbourne report here.
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Read all 8 comments

Joanne Stritch of Wandin Nth Posted at 11:57 PM December 09, 2015

These findings are a huge concern and need to be acted on now. You can't replace soils and climate (rainfall). Housing is far more movable
providing freeways are in place for easy access to the city.

roma guerin of Alexandra Posted at 7:03 PM December 09, 2015

So we now have a double threat to our future food security. CSG gaswells on regional farmland and urban sprawl in the peri-urban areas.
Planners need to work extra hard to circumvent these possibilities.

garry Posted at 6:37 PM December 09, 2015

It's all a bit late, this recent discovery. With never a thought to the future, vast tracks of our best food producing land have been paved over
with tar and cement for housing and industry, and it has been going on for decades. Weak politicians, with zero regard for future
generations did it. Rubber stamping endless approvals for development in the name of progress. . Not unlike the high rise slums found in
Melbourne's CBD today, where the population density far exceeds Hong Kong. There are definite limits to growth, but the inept lot of
politicians we have today never bother to study the science. .Whatever, high priced food in Australia looms in our future, given that about
6% of the continent is arable land, and large chunks of it has been sold off to foreign interests, who by the way, will be needing its produce
for their own needs
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Big ideas are needed to break 
the cycle of urban sprawl

by Frank Reale

A recent study released by the Grattan Institute 
found that while 60% of all job growth was 
occurring within 10 km of the CBD, population 

growth within that zone was only 30% of total. In contrast, 
the zone 20 km and beyond from the CBD supported only 
25% of job growth, but 55% of population growth, due 
largely to the availability of affordable housing.

The trend is putting massive pressure on our transport 
systems to move people from the fringes to the primary 
work zones. Currently, the car, the only viable means of 
travel to work for a large proportion of the population, 
is the main reason for the high congestion on our roads, 
with travel times at 20% longer than a decade ago. It has 
been estimated that by 2021, on current trends, cost of 
congestion in Sydney will be $9.3 billion per year, and in 
Melbourne $7.5 billion per year, figures greatly affecting 
the efficiency and productivity of the nation.

Funding new transport infrastructure is already a 
major difficulty for governments and the private sector 
alike. With population forecast to grow from 24 million to 
around 40 million over the next 40 years, it is hard to see 
how this is going to get any better. I estimate infrastructure 
spending would need to increase from about 3% of GDP 
to over 5%.

The heart of the congestion problem lies in the fact that 
people do not live where they work. The major reason for 
this is that Australia is becoming more and more a service 
economy, employing knowledge workers 
typically concentrated in CBDs. ABS 
data shows that between 2008 and 2013, 
the total growth of the labour market 
was 8.7%, in line with overall population 
growth. However, employment in most 
primary and secondary industries actually 
fell, while tertiary industries grew more 
strongly.

But primary and secondary industries 
are an absolute necessity to support these 
tertiary type jobs and for the economy 
to expand. In 2013, the ratio of primary 
(AF&F + Mining) plus manufacturing 
jobs to all jobs was 7.44:1. In other 
words, the multiplier effect of primary 
and secondary jobs is 6.44. Without 
the industry to support these jobs, the 
economy will simply plateau out and not 

expand. An unacceptably high rate of unemployment for 
youth, which stands at 27.2% for 15-19 year olds, and an 
ageing population which requires greater productivity per 
worker, are of concern. Higher levels of unemployment 
and lower standards of living will result unless the primary 
and secondary sectors of the economy expand.

Big ideas are needed to break the cycle of unsustainable 
urban sprawl and the consequences of that. My suggestion 
is that we need to adopt a completely new mode of 
urbanisation, which will reduce the need for high capacity 
transport systems.

One form of urbanisation is termed the ‘Expanding 
Nodular Development’ (END), which hinges on limiting 
the size of cities, creating jobs to match demands for 
future development, and increasing the efficiency of 
resource use.

The basic intent of this concept is to halt capital city 
growth, which for Melbourne is almost 100,000 per 
year, or the size of Ballarat, and channel that growth 
into satellite cities which would be in close proximity to 
the capital cities. The new cities would be built at the 
sites of existing ‘seed’ towns, and would be planned for 
a minimum population of 100,000 and a maximum of 
750,000.

The key to success of this model is that END cities must 
be self sufficient in terms of industry and employment. 
People would live there and work there. Cities would be 

compact at about 2,500 people per square 
kilometre, and sited and planned to 
facilitate ease of transport.

The challenge lies around creating 
new industries, which has preoccupied 
many governments in Australia over the 
past decades with little success so far. 
However, it can be done. In Europe, we 
have seen the establishment of intensive 
primary industries such a horticulture, 
and animal husbandry such as piggeries. 
Horticulture through the use of modern 
greenhouses can be highly profitable, 
as evidenced by their extensive use in 
countries such as Holland and Spain.

Another high growth industry which 
is eminently suited to the END model 
concept is aquaculture. As the world 
population rapidly grows, wild fish 

THE HEART OF 
THE CONGESTION 
PROBLEM LIES IN 
THE FACT THAT 
PEOPLE DO NOT LIVE 
WHERE THEY WORK.
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production is insufficient to 
meet demands. Since 1990, 
world production of wild fish 
has plateaued out at about 
85 million tonnes per year 
and is now in slight decline. 
The deficit is being made up 
with aquaculture products. 
The interesting thing about 
aquaculture and the END 
model is that horticulture 
and aquaculture can work 
together symbiotically 
through the process of 
aquaponics. In this process, 
the water in which fish live is 
filtered and cleaned by plants, 
which utilise the pollutants as 
nutrient. The cleaned water 
is then pumped back into the 
fish tanks. 

The END model in 
Australia would have 
horticulture as a primary 
source of industry because 
of the abundant supply of 
sunlight and cheap energy 
for heating greenhouses. Aquaculture in conjunction with 
horticulture would increase the viability of the concept 
through the creation of an additional saleable product, a 
product which is coming into increasing demand as our 
and the world’s need for protein rapidly increases. The 
aquaculture industry would also create more employment 
opportunities in the production and in the processing of 
the fish. Cheap thermal energy for the processing of the 
fish would give a significant production cost advantage.

Secondary industry is derived through the process ing 
of the primary products. This could involve canning, 
tomato processing, abattoirs and meat processing, fruit 
processing, etc. All of these processes would require 
process heat which would be cheap and readily available 
from the electrical generation process. Low cost energy 
would attract other energy intensive industries such as the 
chemical and pharmaceutical industries. The development 
of these primary and secondary industries would create 
job opportunities for unskilled, semi-skilled and skilled 
labour, thus opening up an area for workers who are not 
suited for or inclined towards tertiary occupations, but 
who nevertheless still require jobs.

Planned establishment of new cities also presents 
unique opportunities to develop a sustainable economy, 
including waste water recycling, rain water harvesting 
and solid waste disposal with energy recovery. Large 
scale electrical generation in combined cycle gas turbine/

steam configuration with waste heat recovery and thermal 
distribution would maximise energy efficiency, and at the 
same time enable rapid load pickup and load shed to cater 
for peak loads. For a city of 100,000, four units each of 50-
60 MW capacity would provide all electrical requirements 
with about 25% reserve capacity. Thermal energy would 
be distributed through medium temperature hot water at 
about 135 °C (212 kPa or 30 psi) through underground 
insulated steel pipes. This temperature is suitable for most 
industrial processes and absorption refrigeration. With 
thermal heat distribution for the heating of buildings and 
the provision of process heat for industry, the efficiency 
of utilisation of primary energy can be at least doubled to 
about 65%, and greenhouse gas emissions at least halved.

The END model offers a blueprint for future efficient 
urban development, allowing the population to grow 
while simultaneously containing congestion and providing 
commensurate growth in employment to maintain present 
living standards. The concept, though novel, does not 
require any great innovations, just good planning and 
integration of existing technologies which engineers are 
good at. Ultimately, what is needed is political will to make 
this happen. It is time that engineers stood up and be 
counted in making visions like this become a reality. 

Frank Reale is a building services consulting 
engineer with a masters degree in

environmental science from Monash University.
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Radial and cross connection road and railway

Existing city. Fixed urban boundary. Fixed approximate maximum population to stop urban sprawl.

Existing town acting as “seed” community to facilitate new END city construction. Approximate population 1000-
10,000.

New END city. Fixed maximum population 100,000 to 700,000 planned for growth to maximum over approximately 
20 years. No urban sprawl, self contained, sustainable economically, culturally and environmentally.
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