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Introduction

The aim of this paper is to describe Peak Oil, the major disruptions that will likely 
occur  if  no radical  action  is  taken,  and to  dispel  some of  the  myths  surrounding 
proposals for simplistic solutions. It is written using non-scientific terms and concepts 
in an attempt to explain to the un-initiated very serious and complex issue which will 
affect their lives. Topics covered include the reserves, production and critical issues 
with regards to:

-oil
-natural gas
-coal 
-uranium
-hydrogen
-biofuels 
-nitrogen (agricultural)
-phosphorus (agricultural)
-stagflation (economic)
-international politics

The phrase Peak Oil has elevated from obscurity to front page news, e.g. Brisbane 
Courier Mail Sept 15 2007 over approximately one decade. It is now discussed in 
forums  as  diverse  as  households,  community  action  groups,  local  and  state 
governments,  industry,  military and international organisation like the International 
Energy Agency. It is also a hot topic in financial markets as investors and brokers 
attempt to best position capital to take advantage of volatile markets, this is especially 
the case with oil, gas and energy intensive commodities; see Table 1. 

Table 1: Oil Price dashboard 25 Sept. 07 
Source: Campbell C., published on Association for the Study of Peak Oil (ASPO) 
Ireland http://www.peakoil.ie/ 

Indeed as a topic of discussion and as a driver of strategic government policy it is 
likely to even eclipse Climate Change over the next decade (provided it rains soon); 
albeit not necessarily referred to in the current context but more likely with respect to 
the secondary problems that  are  expected to emerge  as  price  continues to  rise  or 
supplies  are  disrupted.  Up  until  recently  many in  government  and  key  industries 
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denied its existence, attacked the alerting scientists and promoted schemes to consume 
ever more amounts of energy. Fortunately the fog is beginning to lift, and as energy 
and food prices rise the public is developing a sense of foreboding. Many solutions do 
exist, and if implemented in a timely and strategic manner could see peak oil as just 
another blip in the evolution of human progress. However, to ignore the facts and 
continue with  business  as  usual  is  to  guarantee  a  future  of  extreme hardship  and 
violence for children already in school. With respect to Peak Oil, Australia is not the 
lucky country, just an old dry scrubby island carrying 20 million of the world’s 6.7 
billion people. 

The origin and reserves of oil and other hydrocarbon fuels

Oil  is  part  of  a  family  of  organic  based  hydrocarbons  where  at  one  end  of  the 
spectrum is natural gas and at the other end is peat and compost. All of them were 
once living matter, be that trees and other vegetation in the case of peat and coal, or 
marine phytoplankton and zooplankton in the case of oil and natural gas. In some 
cases the distinction is blurred as in the case of coal seam methane (coal gas) or marsh 
gasses.  Slow  geological  processes  over  millions  of  years  have  buried  billions  of 
tonnes of organic matter,  and in the process subjected it to heat and pressure. The 
result is a metamorphosis, in the true geological sense, where materials have been 
consolidated and refined, so that the energy that may have been in 1kg of wood when 
buried is enhanced when returned to the surface as 1kg of black coal or 1 litre of crude 
oil (in reference to marine organisms), see Table 2.

Table 2: Typical heat values of various fuels
Source: Prof. Patzek, Petroleum Engineering, University of California Berkley
http://petroleum.berkeley.edu/patzek/ce24/Spring2003/heatvalues.htm 

It is well known that there are various grades of coal, e.g. brown through to anthracite. 
What this tells us is that the brown coal was subject to less metamorphosis than the 
higher grades. Indeed in cases where metamorphosis has been extreme coal changes 
to graphite and in rare cases diamond. Although these later two are valuable in their 
own right, they have lost their usefulness as a source of energy. The same processes 
can also be identified for oil,  with “over cooked” oil  becoming various grades of 
natural gas and “under cook” remaining as tar or shale oil.  For modern industrial 
purposes, crude oil is just right for distilling into a range of products that not only 
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includes  petroleum  for  transport,  but  bitumen  for  roads  and  other  fractions  as 
feedstock for all manner of chemicals, synthetics and plastics, Table 3.

Distilled Product Common use
Petroleum gas heating, cooking, plastics
Naphtha or Ligroin feedstock
Gasoline            (~50% of barrel) motor transport
Kerosene           (~12% of barrel) jet fuel, feedstock
Diesel                (~15% of barrel) diesel fuel, heating oil, feedstock
Lubricating oil motor oil, grease, other lubricants
Heavy gas or Fuel oil industrial fuel, feedstock
Residuals coke, asphalt, tar, waxes, feedstock

Table 3: Product fractions derived through distilling 1 barrel of crude oil.

For  billions  of  years  the  Earth  has  been  growing  trees  on  the  land  and  marine 
organisms in shallow continental shelf seas, yet the fossil  stocks that we currently 
mine are just a minute remnant, with most deposits being either over-cooked, rotting 
on the surface before burial  or dispersed into such small  fragments that  industrial 
scale mining or drilling is just not viable.

Given that commercial hydrocarbon deposits have a link to massive accumulations of 
plant and marine life in the past, and that it has be subjected to forces operating in the 
Earth’s crust, geologists who study landscapes and sub-surface soundings (like x-rays) 
can determine if an area has hydrocarbon prospectivity. They know not to look in the 
middle of the Pacific Ocean for oil because there is practically zero probability that it 
could have ever formed there. Instead, after carefully studying the traces and tells of 
prehistoric marine basins, along with rock types and deformation of the Earth’s crust 
on or near continents, they drill test holes in the hope that sufficient deposits were laid 
down. They also determine if it was cooked just right and that the oil was captured by 
impervious rock domes, Figure 1, where it could accumulate into massive reservoirs; 
as  opposed  to  leaking  to  the  surface  and  decomposing  or  otherwise  diffusing 
throughout the rock strata. 

Figure 1: Oil and gas captured by an impervious rock anticline (dome).
Source: Lewis, Institute of Petroleum
http://www.energyinst.org.uk/education/natural/2.htm 

Conditions  proved  optimal  for  the  accumulation  of  huge  reserves  at  just  a  few 
locations,  including  the  Middle  East,  Gulf  of  Mexico-United  States,  parts  of  the 
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former Soviet Union and to a lesser degree other regions around the globe, see Figure 
2. 

Figure 2: Global tectonic map showing oil producing provinces past and present giant 
oil fields.
Source: Mann, P., Gahagan L., and Gordon, M., 2001. World Oil Magazine Sept. 2001 
Vol. 222 No. 9

Australia has its own prospective regions, Figure 3, yet for all this potential very little 
oil was recovered, with most of that being found in the Bass Strait – East Gippsland 
fields which are now all  but  exhausted1 after  only 30 years  of modest  extraction. 
Much of the rest was over-cooked and is recovered as natural gas or was not capture 
in domes, therefore it naturally vented into the atmosphere over millions of years. 
Little hope is held for discovering any new large oil reserves either in Australia or for 
that matter anywhere else on the globe. Therefore, regardless of small and fragmented 
fields that will continue to be found well into the future, e.g. in the Arctic, oil will no-
longer be cheap and plentiful in the future. Unfortunately this dawns upon us at a time 
when we have never used nor need more.

…OECD [crude oil] reserves amount to just 11 years of production. Australia’s 
proven reserves amount to just over 10 years of current annual production.  

…the  general  view  within  the  industry  [is]  that  Australia  has  low  oil 
prospectivity and fields yet to be discovered are of small to medium size and 
becoming more technically demanding… As a result the international oil majors 
have almost ceased oil exploration in Australia.

Source: Akehurt, J. 2002. World Oil Markets and the Challenges for Australia, 
Woodside Australia Energy & Australian Bureau of Agricultural & Resource 
Economics (ABARE) 

1 BHP Billiton Petroleum, 2004. Operational & Financial Review October 2004. (39% reserve 
replacement 2003-04 with largest drop in Australia.) and Myer, Rod 2003, BHP hit as Strait oil shrinks, 
Sydney Morning Herald, January 30 2003. 
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Figure 3: Map of Australia's coal, gas, oil and uranium resources
Source: Securing Australia’s Energy Future (2004) Department of Prime Minister and 
Cabinet (Note: Oil and gas regions are combined)

The summary below of remaining proved world oil reserves, as of 2006, illustrates 
that they are tightly focused in several regions,  with the Middle Eastern countries 
collectively sitting on 56%, see Table 4. The 14% attributed to Canada is deceptive 
because it also represents the oil embedded in tar sands, which although does truly 
exist, requires more energy to produce than other fields (being under cooked and in a 
hostile arctic environment) and can only be produced at slow rates over the longer 
time-frame. It will be noted that the top 20 countries account for 95% of all proven oil 
reserves, and that Australia along with 174 other countries, does not make the list. 
Furthermore, several countries that do make the list are actually net oil importers, e.g. 
United States, China & India, thus the list of actual net oil exporters responsible for 
fuelling the world market is smaller again.   

Rank   Country   Proved reserves
  (billion barrels)

1 Saudi Arabia 264.3
2 Canada 178.8
3 Iran 132.5
4 Iraq 115
5 Kuwait 101.5
6 United Arab Emirates 97.8
7 Venezuela 79.7
8 Russia 60
9 Libya 39.1

10 Nigeria 35.9
11 United States 21.4
12 China 18.3
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13 Qatar 15.2
14 Mexico 12.9
15 Algeria 11.4
16 Brazil 11.2
17 Kazakhstan 9
18 Norway 7.7
19 Azerbaijan 7
20 India 5.8

     
Top 20 
countries 

 1224.5 (95%)

Rest of world  68.1 (5%)
World total 1,292.60

Table 4: World proven oil reserves (billions of barrels) 2005-06
Source: Oil & Gas Journal, (Dec. 19, 2005) Vol. 103, No. 47 and Energy Information 
Administration, United States Government
http://www.eia.doe.gov/emeu/international/oilreserves.html 

So what is Peak Oil and why the silly name? 

It is no mystery that if you take something which is of a finite quantity and continue 
to remove a portion at a time, eventually you will run out, with a simple analogy 
being drinking a glass of water through a straw. Oil, however, is more like a frozen 
slurry drink whereby the fluid needs to travel through porous rock to get to the straw. 
In the past when wells were sunk, oil sometimes gushed from the derrick because of 
the  pressure  exerted  by  the  surrounding  rock.  This  meant  that  the  only  energy 
expended by the producer was in sinking the well  and thereafter  transporting and 
processing oil.  In  this  early life  stage  one  may expect  to  get  100 units  of  useful 
hydrocarbon energy for each 1 unit of energy expending in drilling and processing.

However, as with all finite resources, especially those that start out in easy to reach 
places which are conveniently under pressure, they start to mature and deplete. This 
usually means that the best sites which were first exploited and had the best return on 
capital are first to go, e.g. Texas USA. The drop in pressure forces the operator to 
pump gas or water into another part of the dome in order to force the oil toward the 
bore hole and maintain pressure. As the biggest and best fields mature smaller fields 
start to get exploited, and as a consequence of their shorter production life, have lower 
returns on investment and possibly higher operating costs, and in some cases may be 
in  more  hostile  locations,  e.g.  deeper  water  or  more  polar  locations.  All  of  these 
factors drive up the production price and are a warning that total yield is destined to 
decline.

In a strictly technical sense, peak oil refers to a graphic plot of oil production from a 
field or collection of fields in a province. When the field is initially developed oil 
production rises form nothing to a point where it is producing at maximum yield, then 
over time the yield begins to drop as the remaining oil becomes harder to extract, be 
that from physical limitations or a combination of physical and economic, i.e. the cost 
of pumping water (measured as energy or dollars) to pressurize the dome equals or 
exceeds the energy content or value of the oil itself. In a closed market scenario, oil 
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would become more expensive and regions that were once considered un-economical 
become viable.  It  would  also  spur  technological  developed  aimed  at  finding  and 
extracting smaller and more challenging reserves with greater efficiency. 

Major advancements have been made in exploration and extraction technology, but 
unfortunately their application is limited to the regions where cooking was just right. 
Hence, going deeper into the Earth’s crust  or into other types of geology will  not 
deliver more oil regardless how much we spend on technology. We are restricted to 
using all of the advanced technology in the same prospective regions with the result of 
finding ever smaller amounts, or speeding up the depletion of those reserves we are 
already working. It should also be noted that “oils ain’t oils” meaning that some oils 
are better than others for refining, hence the terms light, heavy, sweet or sour. Many of 
the yet to be exploited oil reserves in smaller fields are for want of better words less 
palatable, thus requiring higher processing costs.

Peak oil is the point where well respected petroleum geologists and scientists declare 
that  current  rates  of  production  cannot  be  sustained  despite  price  rises  and 
technological  improvements.  Therefore,  if  current  rates  of  production  cannot  be 
increased and cannot be sustained, then the only other option is for them to decline. 
This is a well observed phenomenon, with oil production in most countries outside of 
the Middle East already conforming to the peak oil production curve of rapid rise, 
peaking and then decline, see Figure 3.

Figure 3: The oil production curves for select countries – regions. The grey spikes for 
Australia,  Europe  and  Russia  represent  discoveries  and  the  smoothed  curve 
representing the subsequent production from those discoveries. Australia’s first big 
peak is Bass Strait; with the second smaller one the North West Shelf. In Europe the 
big spike is the North Sea, now in decline. The US reached peak oil in the 1970s and 
no amount of technology or price rise has been able to arrest decline.
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Source: derived from ASPO Newsletters

Oil is traded as a commodity on the world markets with the posted price a product of 
all major oil field production volumes and cost curves. Price may also be affected by 
temporary disruptions in supply from natural hazards like hurricanes or conflict in oil 
producing regions. Given also that some of the largest producers have formed a cartel 
(OPEC), and that most oil is processed by a select group of companies, there is scope 
for  market  intervention.  Regardless  of  short  term disturbances,  aggregation  of  all 
production curves for all of the world’s oil fields allow analysts to calculate when 
global peak oil will occur, see figure 4.

Figure  4:  The  aggregation  of  all  world  production  of  oil  and  gas  with  forecast 
production through to 2050.
Source: ASPO Newsletter No.81 Sept. 2007 http://www.peakoil.ie/ 

The modeling of discovery and production history as well  as  projection of  future 
production suggest that conventional oil (e.g. the Bass Strait type) peaked and began 
to decline some time around 2005. The subsequent shortfall  has increasingly been 
taken  up  by  less  conventional  and  more  expensive  supplies,  e.g.  heavy (such  as 
Canadian tar sands),  deep water (like North West Shelf), Polar, natural gas liquids 
NGL etc. This is part of the reason for a doubling in price since 2005, yet many oil 
producers will still not state this publicly. More worrisome though is that the price 
rises  to  date  have  not  occurred  as  a  result  of  the  yet  to  be  experienced  supply 
restrictions, which if the oil shocks of the 1970s are any indication, will drive prices 
much higher. The peak of all oil and gas production is forecast to occur some time 
around  2011  (some  reports  suggest  2020s)  if  current  rates  of  consumption  are 
maintained. The peak may, however, shift back if consumption is restrained, e.g. a 
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major price hike or an economic recession or both forces us to use less. However, as 
yet there is no indication of restraint, to the contrary as oil seems to become scarcer, 
many countries attempt to develop their economies whilst it is still relatively cheap 
and easily obtainable, e.g. China (Diamond 2005. p362), whilst others stockpile it in 
huge strategic reserves.

It is apparent from figure 4 that natural gas is likely to play an increasing role as a 
substitute for petroleum, as it is hypothesized that as crude oil stocks decline gas will 
be the option of next choice. Similar to the regional concentration of oil reserves, gas 
is  also concentrated in distinct  regions,  as  would  be imagined if  all  it  is,  is  over 
cooked oil. The country with the greatest reserves is Russia at 27% followed by Iran 
with 16%; or viewed another way, the former Soviet Union and Middle East including 
Egypt account for 73%, of the world’s future natural gas supplies, see Table 5.

Rank Country Proved reserves
  (trillion cu ft)

1 Russia 1,680
2 Iran 971
3 Qatar 911
4 Saudi Arabia 241
5 United Arab Emirates 214
6 United States 193
7 Nigeria 185
8 Algeria 161
9 Venezuela 151

10 Iraq 112
11 Indonesia 98
12 Norway 84
13 Malaysia 75
14 Turkmenistan 71
15 Uzbekistan 66
16 Kazakhstan 65
17 Netherlands 62
18 Egypt 59
19 Canada 57
20 Kuwait 56

   
Top 20 
countries  5,510
Rest of world  602
World total  6,112

Table 5: World proven gas reserves (trillion cu ft) 2006-05
Source: Oil & Gas Journal, (Dec. 19, 2005) Vol. 103, No. 47 and Energy Information 
Administration, United States Government
http://www.eia.doe.gov/emeu/international/oilreserves.html 

Once again Australia does not make the list, and furthermore, much of what we do 
produce, or will produce as a result of recent discoveries off the West Australian coast, 
will be destined for sale on the world market.  Analysis  of Australian gas reserves 
suggests  that  at  current  rates  of  production stocks  may be depleted in the 2030s; 
however, there is no evidence to suggest that current rates of production will remain 
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stable. Rather, as more gas is used to replace petroleum, and becomes the preferred 
choice for generating electricity (as a lower CO2 substitute for coal), and as the world 
price rises making it a lucrative export for the clique of international consortiums that 
control  Australia’s  most  promising fields,  reserves  may not  last  much longer than 
2015 (Fleay 2002).

The other major hydrocarbon fuel, mentioned previously, is coal, and on this score 
Australia can boast making the significant reserves list with just over 8% of global 
reserves,  see  Table  6.  The United  States  has  the  world’s  largest  reserves  at  27%. 
However, coal is less exclusive club with many countries having some occurrence of 
one of its many grades and 70 countries having economically recoverable reserves.

 Rank Region/Country

Recoverable 
Anthracite & 
Bituminous

Recoverable 
Lignite & Sub-

bituminous

Total 
Recoverable 

Coal
1 United States 123,746 143,808 267,554
2 Russia 54,110 118,964 173,074
3 China 68,564 57,651 126,215
4 India 99,302 2,601 101,903
5 Australia 42,549 43,982 86,531
6 South Africa 53,738 0 53,738
7 Ukraine 17,939 19,708 37,647
8 Kazakhstan 31,031 3,448 34,479

9
Serbia and 
Montenegro 10 18,279 18,288

10 Poland 15,432 0 15,432
11 Brazil 0 11,148 11,148
12 Germany 202 7,227 7,428
13 Colombia 6,867 420 7,287
14 Canada 3,826 3,425 7,251
15 Czech Republic 2,308 3,812 6,120
16 Indonesia 816 4,661 5,476
17 Turkey 306 4,308 4,614
18 Uzbekistan 1,102 3,307 4,409
19 Greece 0 4,299 4,299
20 Hungary 218 3,482 3,700

     
     
 World Total 528,772 468,976 997,748

Table 6: World recoverable coal reserves 2005-06
Source: Energy Information Administration, United States Government
http://www.eia.doe.gov/emeu/international/contents.html 

Various  figures  are  given  for  regional  and  global  reserve  life,  and  the  more 
responsible publications include the qualifier “at current rates of consumption”. The 
World Coal Institute suggests that there is 155 years of reserves at current rates of 
consumption, with similarly optimistic figures given for Australia. However, Australia 
is the world’s largest exporter of coal with 75% - 231Mt 2005 of production destined 
for overseas consumers.  Furthermore, total  coal  production has been increasing at 
approximately 5% every year for the past two decades. Thus given the production 
growth trend, even before considering coal as an alternative to crude oil or natural 
gas, Australian reserves will be depleted by some time in the mid - 2040s (McNamara 
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2007). Similar calculations have be done by the US Army Corp of Engineers who 
suggest  that world Peak Coal will  occur  in 2050 and peak US coal  in  2116 after 
factoring in a modest (but probably under representative) 1.4% growth rate.

The reason why coal is being discussed in the context of peak oil is because after oil 
and natural gas are consumed, or are unavailable due to a breakdown in the global 
market,  coal  becomes the  next  option for  the hydrocarbon junky.  This  is  because 
combustible  gasses  and  liquids  can  be  extracted  from  coal  through  a  range  of 
processes to form the feedstock for liquid fuels similar to those derived from crude 
oil.  It is often cited that by the end of WWII Germany was producing 4.78 million 
barrels per year from coal, and South Africa during apartheid 73 million barrels per 
year. 

A recent United States Dept. of Energy study suggested that a coal-to-liquids plant 
producing 12.1 million barrels  of  synthetic  oil  per  year,  complete  with 1,000MW 
electrical generating capacity, could be built for US$2.2 billion. To meet Australia’s 
2004 petroleum demand of 308 million barrels we would need to build 26 such plants 
at a cost of nearly AUS$70 billion. Note that this is just the construction cost not the 
operating, energy (mining), water and environmental costs.

Using a  direct  liquefaction process,  1000 kg of  coal  yields up to 3 barrels  of  oil 
(~353kg) after it has been heated to 400+ degrees centigrade under high pressure with 
appropriate catalysts (energy intensive solvents), hence doing the cooking similar to 
what nature did to produce oil. And it should be noted that up to 10 times more CO2 is 
released  in  coal  liquefaction  than  through traditional  oil  refining.  That  equates  to 
mining and processing 100 Mt of coal per year, presumably using part of the end 
product to power mining and transport, and still more coal to generate the processing 
heat.  In  2004  Australia  produced  285  Mt  of  black  coal,  with  23%  -  66.72  Mt 
consumed domestically. So we would need to mine a third more of our highest grade 
coal to produce enough fuel just to maintain current levels of petroleum consumption; 
thus peak coal in Australia begins to look closer to the 2030s.

There is little doubt that coal will become a more sought after commodity as other 
countries invest in coal liquefaction (China expect to have a 7.3 million barrels per 
year  prototype  operating in  2007),  thus  Australia  can be  expected to  maintain  its 
position  at  or  near  the  top  of  coal  exporting  countries.  The  corollary  being  that 
Australia will likely experience the collision of global peak oil (Peak Australian Oil 
already occurred in 2000), peak natural gas and probably peak coal all within one - 
two decades of each other perhaps some time beginning in the 2020s. That is just over 
13 Christmases away, and many countries without our hydrocarbon endowment will 
experience theirs sooner. 

Now you would be right to say that as the best supplies of coal are depleted, lower 
grades and less accessible reserves will be exploited, and in this you would be right. 
Hence we will have coal, albeit lower grades, for a long time to come. The flip side is 
this, however, gas will deplete faster than oil or coal after it peaks because it flows 
from the resource much freer than oil, and oil in tern more readily than coal is mined. 
Given that we are turning to coal because we have little oil or gas, and that lower 
grades of coal will require more energy to extract, what will we use to power all this 
extra coal mining equipment and the energy intensive liquefaction process? Here we 
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face the reality of energy invested in making fuel verses the final energy produced 
where one begins to equal the other.

The significance of  this  for  peak hydrocarbons cannot  be  overstated.  There  is  no 
natural or synthetic substitute for concentrated hydrocarbons which took millions of 
years to form and accumulate into rich deposits. Although they are currently essential 
for transport, innovative transport solutions can be found, but as a feedstock for many 
other processes little else will suffice. Yes it is true that plastics, various chemicals and 
fertilizers  can  be  made  from crop residues  in  laboratories,  but  no  alternative  can 
duplicate the sheer abundance and ease of mining or pumping to that which nature 
had already made. This means that peak oil and thereafter peak hydrocarbons will 
effectively  mean  peak  industry  which  if  not  addressed  rapidly  could  mean  peak 
civilisation.

Given the argument presented thus far,  it seems rather absurd to look at the graph 
below,  Figure  5,  which  illustrates  the  production  growth  for  many  of  Australia’s 
energy resources. Instead of this graph being the basis for alarm and policy reform, it 
is proudly published by the Federal Government as a reflection of good economic 
policy, industrial progress and as such a trend to be continued until all the reserves are 
depleted. 

Figure 5: Australian energy production by fuel 1974-75 to 2004-05
Source: ABARE Energy Update June 2006

These industries are a major source of green house gas emissions and despite being 
recorded as a significant revenue generator in the national accounts, similarly to that 
seen in most third world countries they contribute little to the actual net balance of the 
Australian  economy  or  social  progress  indices.  Inevitably  when  resources  are 
exhausted and mines close, it will be considered as part of the natural turn of events 
with little thought to the abrupt unemployment and social disruption which follows. 
Would it not be more sensible to at least level off production in stead of creating or 
search for new markets to justify further expansion? And surely the argument cannot 
be job creation, given that the coal mining industry has a disastrous recent record for 
retrenchment. Furthermore, the Australian population is not growing at the wild pace 
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of mining growth. No, in short this is nothing more than a small group of international 
companies chasing even greater profits to the determent of coming generations.

The oil we eat and everything else

So far we have discussed oil in its capacity as a transport fuel and as a lucrative export 
commodity. However, oil and other hydrocarbon derived feed stocks actually support 
the very pillars of modern civilisation. The hydrocarbon-based Green Revolution that 
has, with varying degrees of success, attempted to feed the Earth’s 6.7 billion people 
was eloquently described by Richard Manning “The Oil We Eat: Following the food 
chain back to Iraq”2, as the commodification of agriculture and the conversion of oil 
and other hydrocarbons into food. Manning and others (e.g. Pimentel & Patzek 2005) 
rightly identify that the modern farm, and also the food distribution and processing 
system, as an extremely energy intensive industry. Most obvious is the liquid fuel for 
tractors and trucks, but less apparent but with significant embedded energy is that 
which is used to create chemicals, fertilizers, mulching plastic and piping. Then added 
to this the electrical or diesel energy required for operating vast irrigation schemes. 
Environmentalists and farm mangers are well  aware of the direct consequences of 
agriculture  and  water  diversion  on  ecosystems  and  long-term  farm  productivity, 
usually with a mind to maintaining the economic usefulness of farmlands. However, 
without hydrocarbon resources a theoretical peak oil induced production decline will 
far exceed that attributable to loss of landscape function, (Dunlop  et al 2004), thus 
even fertile land will yield less because of the loss of modern farming inputs.

To put some numbers to this argument, it can be considered that up to 10 units of 
fossil energy are required to produce 1 unit of food energy, and in some cases, as with 
intensive animal husbandry it can be higher again. Furthermore every gallon of diesel 
in a tractor equates to approximately 3 weeks of human labour, this is the reason why 
20th century mechanized farming saw a mass exodus of people from rural areas to 
cities  in  search  of  work.  Even before  the  petroleum based  tractor,  steam traction 
engines were employed in rural areas to try and alleviate the enormous amount of 
labour involved with trying to produce a food and fibre surplus. Then consider that 
with all of today’s technology, including oil and fertilizer, it takes 7,0000 kilocalories 
of  hydrocarbon energy to create 1,1000 kilocalories  of  cornflake breakfast  cereal. 
Thank goodness sunshine is free! As for animal traction, approximately 1/4 to one ½ 
of  total  farm  output  went  to  feeding  horses  and  bullocks  before  the  tractor  was 
introduced, that is why today’s peri-urban Pony Clubs are frequented by middle to 
upper income groups; horses are hungry and high maintenance.

Modern  agricultural  yields  are  sustained  through  the  application  of  nitrogen, 
phosphorus and a suite of other fertilizers and hydrocarbon based chemicals, that has 
allowed  for  an  effectively  doubling  to  tripling  of  yields.  Synthetic  nitrogen,  as 
ammonium nitrate fertilizer, makes a very effective explosive because its principal 
feedstock is natural gas, therefore the more natural gas we consume in our cars, the 
less available and the more expensive it will become for fertilizer. If we divert no gas 
to fertilizer manufacturing, farm productivity will drop dramatically unless the total 
anthropogenic  nitrogen  cycle  is  augmented  toward  recycling,  i.e.  human  waste 

2 See online text at http://www.harpers.org/archive/2004/02/0079915 
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recycling. This requires not only a substantial application of engineering, but also a 
substantial change of perceptions and values.

Phosphorus is  also a type of fossil  resource (but  not  derived from hydrocarbons), 
which peaked in 1989 and at current rates of production may last till the end of the 
century. The connection between oil and phosphorus is that it requires energy to mine, 
transport and apply. Furthermore it is only found in concentrated reserves at very few 
locations around the world, with the previous richest resource being the now depleted 
Pacific island or Nauru.

Liebig's “Law of the Minimum” states that growth is not controlled by the totality of 
available resources but by the scarcity of the most critical. With respect to modern 
agriculture this is likely to be hydrocarbons (fuel – pesticides - ammonium nitrate), 
phosphate and water.  The significance is  illustrated in the following three graphs, 
figures 6 through 8. They show world phosphate production with a modeled peak 
curve,  world  phosphate  production  plotted  against  population  growth,  and  world 
population plotted against oil production. Based on the cold hard reality of these three 
graphs  many  scientists  are  left  scratching  their  heads  as  to  how  to  feed  current 
population levels within the next few decades. Presently the most radical solutions 
appear to be the most rational, that being a full-scale conversion to nutrient recycling, 
organic farming and various types of permaculture, as has been observed over the past 
decade  in  Havana  Cuba  when  they  prematurely  suffered  an  acute  case  of  peak 
everything.

Figure 6: World rock phosphate production
Source: Patrick Déry and Bart Anderson 2007. Peak Phosphorus
Online http://www.energybulletin.net/33164.html  
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Figure 7: World rock phosphate production verses world population
Source: Patrick Déry and Bart Anderson 2007. Peak Phosphorus
Online http://www.energybulletin.net/33164.html  

Figure 8: World oil production verses population
Source: Patrick Déry and Bart Anderson 2007. Peak Phosphorus
Online http://www.energybulletin.net/33164.html  

In a peak agriculture world, it will not matter how powerful tractors become, how 
precise the farm economic plan is or how ubiquitous genetically modified crops are, 
because without fuel,  fertilizer,  chemicals (especially to deal with insect migration 
attributed  to  climate  change)  complimented  by  reliable  fresh  water,  the  modern 
agricultural  system  which  attempts  to  supercharge  natural  processes  will  falter. 
Furthermore, climate change will greatly amplify the challenges that agriculture faces, 
and although this is a significant topic in itself e.g. for every 1oC of temperature rise 
world grain production could drop 10% (Brown 2006), it is not the subject of this 
paper (one catastrophe at a time please).
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Given that biofuels are just another agricultural crop that has been appropriated from 
the food supply,  there is  little  hope that  they will  replace hydrocarbons and farm 
inputs to any significant degree. In most cases there is little to no energy gain to be 
made, that is for every 1 unit of energy put into growing the biofuel crop, only 1 unit 
or even less of energy is obtained. Hence it would have been wiser to put the fuel in 
the car instead of the tractor. Furthermore, Australia is very infertile, with yields often 
just a quarter that which can be achieved for similar crops in other countries. Given 
this problem, we have to apply more fertilizer and travel greater distances, be that the 
tractor or the truck, to produce comparable harvests. Thus, much Australian farming, 
and fishing and forestry for that matter, is highly mechanized, energy intensive, and 
economically marginal. It is suggested that even if all of Australia’s agricultural lands 
were dedicated to growing biofuel crops instead of food, it would only meet 10-20% 
of current liquid fuel demand.

The multiplier  effect  of  price  increases  in  farm inputs  is  likely to  impact  on  the 
viability of many farms. However, having said that a sharp economist may point out 
that food scarcity should drive up commodity prices making farming more profitable. 
This is indeed the case with wheat reaching record prices in 2007 due to shortages 
attributable to climatic events around the globe. Thus, provided the farmer has good 
quality land and can acquire inputs; the produce should attract a premium. The flaw in 
this argument though is easily exposed. There are approximately 30,000 registered 
agricultural enterprises across Australia, with an average of 2.6 people per enterprises. 
Therefore somewhere near  78,000 people could call  themselves farmers,  however, 
only a small percentage of these enterprises actually realise a profit, especially from 
food staples. According to Diamond (2005 p. 413-414) although agriculture takes up 
60% of the land area and 80% of the fresh water resources it contributes less than 3% 
to gross national product. He goes on to say that 80% of agricultural profit is derived 
from just 0.8% of the farmed area. Little wonder only 29% of farmers expect their 
children  to  continue  farming.  Furthermore,  Dunlop  (2004)  informs  us  that  most 
agricultural land in Australia is less than 35 years old, a result of constant expansion 
since  settlement,  and  that  as  agricultural  land ages  beyond  35  years,  productivity 
declines; in short we are wearing the land out. Hence, many who had profitable yields 
in the past will not be able to maintain this because there are few new areas left to be 
opened  up  to  cultivation.  Then  in  2007  the  Murray  Darling  Basin  Commission 
announced that due to record low-inflows into the Murray Darling system, many of 
the once productive irrigators in the basin (40% of Australia’s  fruit  and vegetable 
crop)  will  have  their  water  supply  cut-off.  Without  water  many  areas  of  inland 
Australia that were once cropped will be reclaimed by the semi-desert scrubland as 
nature  intended.  So  yes  the  economist  may  be  correct  in  assuming  that  farm 
commodity prices will  rise and that boom times may ensue, however, this is little 
comfort for the 99.8% of Australians that are not farmers and will be digging deeper 
into their pockets to sustain those higher food prices. Or indeed for those farmers who 
cannot get agricultural inputs needed to generate crops on inherently infertile lands.

And then there is more

Having stated the “obvious” effects  of peak oil,  it  is  worth  spending a little  time 
considerer  some of  the  less  obvious  potential  ramifications.  Amongst  these  is  the 
effect that the rising cost of almost everything will have on the global and domestic 
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economy. This year in the United States home mortgage defaults have dramatically 
increased as a result of the increased costs of living experienced by highly geared or 
marginal income borrowers. Increased costs for basic goods and services, including 
credit,  will  likely escalate  this  default  rate,  as  it  drives  price  inflation.  With  less 
disposable household income and suppressed industrial and commercial investment 
recession conditions will  ensue leading to a rise in unemployment,  thus feeding a 
vicious cycle often termed stagflation. That is where the economy is suffering price 
inflation  but  at  the  same  time  employment,  business  receipts  and  investment  are 
declining; stagnation. It should then come as no surprise that the last time this was 
experienced was in the years following the 1970s oil shocks, and prior to that the most 
dramatic example was the Great Depression of the 1930s.

Another consequence, less considered by the general population, but not missed by 
military strategist  and the  transnational  corporation is  geopolitical  stratagems,  e.g. 
Russia planting a flag under the North Pole ice cap with the intention of claiming any 
hydrocarbon  reserves.  Two  papers  from  the  United  States  give  an  insight  into 
contemporary thinking, although a reading of any political science essay relating to 
State and corporate maneuvering would prove illuminating. The general themes from 
Schwartz & Randall 2004 “Abrupt Climate Change”  and Fournier & Westervelt 2005 
“Energy Trends and Their Implications for US Army Installations”, along with many 
others, and might I add the complete history of documented civilisation (Keeley 1997, 
“War before Civilisation” – Diamond 1998, “Guns Germs and Steel” – Dyer 2005, 
“War  the  Lethal  Custom”,  -  and  the   penultimate  being  Machiavelli  1513,  “The 
Prince”) suggest that nations and alliances will wage war to secure resources or to 
deny others access to them. Some suggest that this has already begun (Klare 2002, 
“Resource Wars: The New Landscape of Global Conflict”) and still others suggest 
that it has never stopped (Engdahl 2004, “A Century of War: Anglo-American Oil 
Politics and the New World Order”).  Although this is  a significant  and intriguing 
topic,  like climate  change it  is  not  the  theme of  this  paper.  However,  a  pertinent 
observer would note that many countries with very large armies and sophisticated 
weaponry including nuclear capabilities will also have an almost overwhelming need 
for  many of  Australia’s  resources.  Consequently  we need  to  choose  our  alliances 
wisely and exercise diplomacy with unprecedented vigor, especially with regard to 
energy resources. It may also be prudent to note that many wars are initiated by the 
powerful, often after Peak Empire, thus an alliance with the strongest can prove to be 
bad strategy.

The final less obvious theme is that of uranium’s ability,  or lack-of, to off-set  the 
effects of peak hydrocarbons. It will be noted from Table 2 that nuclear fuels have 
energy content 10s of thousands of times greater than that of hydrocarbons. However, 
there are two qualifiers with respect to realizing this energy and thereafter converting 
it into something as useful as the full spectrum we obtain from hydrocarbons.  Up 
front it should be said that nuclear science is mature technology, therefore what is 
being discussed here is the steady refinement of uranium based 1950s technology. 
This includes what is often branded as next generation or advanced nuclear reactors; 
in most cases it is only the cooling system or the fuel rod – pellet design that gives 
birth to a new reactor designation. This is also true for particle accelerator Thorium 
reactors  and  Plutonium  breeder  reactors  (not  that  either  have  been  successfully 
operated in a commercial sense). Although, when caught between the devil and the 
deep blue sea,  the thorium option is  the least hazardous unless it  is primed by or 
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recycling  plutonium.  Not  included in  this  group is  nuclear  fusion,  which  may be 
commercially available in the late second half of this century; but until it has been 
actually commercially demonstrated it is nothing more than a costly distraction from 
the issues at  hand. In fact  it  is  a  completely different  technology from traditional 
nuclear  fission reactors  sharing little  more than the  name “nuclear”  with uranium 
based technology.

Firstly  uranium  is  in  effect  a  fossil  resource,  and  although  widely  distributed 
throughout the land and oceans, rarely does it occur in concentrated reserves, with 
various inland Australian sites being the exception. But even those concentrations are 
measured in parts per million, hence large volumes of soil and rock must be mined 
processed and enriched to achieve the 3-5% concentration used for reactor fuel (as 
opposed to 90% for military use).

When full life cycle assessments of the nuclear process are calculated, there appears 
to be negligible net energy surplus or economic benefit to the public, but instead high 
environmental risks and full-spectrum multi-generational social costs, see (Simms & 
Woodward  2005  -  Fleay  2006  –  Leeuwen  & Smith  2005 –  Worthington  2002  – 
Fleming 2006). This is not to say that nuclear reactors cannot be profitable for their 
operators, but this is because they have benefited from more than half a century of 
direct and indirect government subsidies and as yet none have permanently, i.e. safely 
disposed of their nuclear waste.

According  to  the  World  Nuclear  Association,  as  of  August  2007  there  were  439 
reactors operating, 34 under construction, 81 on order or planned and a further 223 
being proposed, culminating in a total 66,529 tU = 78,458 t U3O8 of uranium fuel to 
power them all when commissioned some time over the next two decades. Australia is 
the world’s  largest  exporter  of  uranium at  ~10,000 tU/y,  however,  there  is  strong 
pressure to dramatically increase this by relaxing the 3 mines policy. Proven high to 
medium grade reserves in Australia are estimated to be 714,000 tU, i.e. less than 10 
years future world supply (total recoverable reserves including low grades double this 
figure, hence at best 20 years instead of 10). 

To supply uranium for existing reactors and those already under construction, it is 
suggested that world reserves of concentrated uranium will be exhausted some time 
around the 2020s (Fournier & Westervelt 2005, and authors sited above); again that 
ominous  date.  Therefore,  given  that  nuclear  is  not  variable  whilst  utilizing 
concentrated reserves, it is far less likely to be viable when lower grade reserves make 
up the bulk of ore stocks. Yet reactors continue to be planned around the world at a 
frenetic pace, this may in part explain China’s willingness to purchase whole mining 
sites in South Australia as opposed to purchasing uranium oxide in the world market.

Australia is endowed with 38% of the worlds high to medium grade reserves. In a 
peak oil world, where all energy is traded at a premium, uranium will be, especially 
for countries that have invested heavily in reactors, the fuel of choice. The pressure to 
export  in  growing volumes will  be  irresistible  until  our  concentrated  reserves  are 
exhausted. Thus is it coincident that the Australian national endowment of uranium 
will be lost in a similar vein to what occurred with our only true oil endowment (Bass 
Strait) and what is currently occurring with natural gas (North West Shelf).
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Much of the hype about nuclear powers resurgence is driven by the nuclear industry 
itself which has a financial interest in its expansion, and by politicians representing 
(deliberately  or  inadvertently)  the  interests  of  a  few  powerful  industries.  In  fact 
climate change and the need to reduce CO2 emissions has been a boon for the nuclear 
industry, cynically positioning their product as a carbon neutral and environmentally 
friendly solution, contrary to independent analysis.  No doubt peak oil will also be 
used to justify further expansion.

For nuclear power to make any significant contribution to a reduction in global 
carbon  emissions  in  the  next  two generations… the  industry would  have to 
construct nearly 3,000 new reactors - or about one a week for 60 years.

Source: Vidal, J., The Guardian 4 Jul 2007

The second issue with nuclear energy is that it is a very complicated way of simply 
boiling water, which in turn is converted to steam that powers an old fashion steam 
compression engine (almost) which then drives an electrical generator. It does nothing 
more than a solar thermal power plant does with respect to heating water, or wind, 
tidal power plant or a solar thermal Stirling heat engine in rotating a generator shaft. It 
may also surprise you to know that quite simple technology has been developed for 
keeping  solar  thermal  driven  generating  systems  operating  during  the  night  (e.g. 
super-insulated liquid sodium) thus they are quite capable of maintaining base load 
electricity for a modern but energy conscious – cities. It is just that the sun keeps on 
rising for free and everyone get a fair share meaning that the technology has not been 
worth commercializing. The say could be said for the rise and fall of the ocean’s tide.

But let us assume that we now have a new nuclear power plant in response to peak oil; 
what is its purpose? One use may be to divert coal from electricity so that it may be 
converted  to  liquid  fuels.  This  seems  a  lot  of  investment  for  such  a  short  term 
solution, especially considering how many reactors would need to be built. The more 
commonly cited use is for generating hydrogen; welcome to the hydrogen economy 
bandwagon. Essentially a  huge volume of electricity and water are used to create 
hydrogen, which then has to be stored then distributed and stored again and then 
stored once more onboard cars; and then finally either burnt in an internal combustion 
engine or converted back to electricity in a hydrogen fuel cell electric drive vehicle.

If the hydrogen is burnt, then it runs less efficiently than a petroleum car, with most 
energy  being  wasted  as  heat  and  moving  the  vehicle’s  mass  (traditionally  1% of 
energy  in  the  fuel  tank  actually  moves  the  driver’s  weight).  If  used  to  create 
electricity,  which  would  be  via  a  fuel  cell,  problems  arise  due  to  limitations  to 
physically produce enough fuel cells. This is because they rely on platinum group 
metals  which  are  rare,  expensive  and  will  never  achieve  production  volumes 
necessary to create even a negligible fleet of hydrogen cars. The electrical option, at 
its best takes 100 units of electrical energy at the power station to generate 25 units of 
electricity at the fuel cell; thus it would have been better to by-pass the hydrogen stage 
by charging the car directly from the grid. More problematic though is hydrogen’s low 
density and high flammability. The low density means that it cannot be transferred via 
normal  gas  pipes,  and  it  will  leak  through  almost  any  storage  vessel,  creating 
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explosive conditions in any confined space. The low density also means it needs to be 
compressed or effectively frozen to shrink it  down so that enough van be carried 
onboard  the  car  to  achieve  any effective  range.  Thus,  although  hydrogen  can  be 
demonstrated in any classroom science experiment, and it may offer solutions for a 
distant nano-technology future, as a ready solution to peak oil it falls well short. And 
as for the marketing pitch that the only emissions from vehicles will be water when 
used in a fuel cell; it seems that a lot of radioactive waste, energy expended in mining 
and processing, hydrogen production transport and storage risks just so a handful of 
drivers can have a wet tail pipe, and even a smaller group of companies can make 
enormous profits from a publicly subsidized massive infrastructure.

Conclusion

It has been identified that oil and other hydrocarbon reserves are set to decline in the 
near  future,  as  are  cornerstone  agricultural  and  industrial  products  that  rely  on 
hydrocarbons. Nuclear or hydrogen do not present themselves as a viable solution 
within the short to medium term, if ever. If nothing is done to address peak oil the 
ensuing crisis is likely to shake economic and political systems violently and for an 
extended period.  It  is  not clear  how many billions of people will  be able to feed 
themselves into the future, yet alone achieve or maintain what is currently considered 
a “First World” lifestyle. What have not been discussed in this paper, however, are the 
many technological, economic or social solutions that actually do exist and can easily 
be implemented. 

Epilog

Discussing solutions was not intended to be part of this paper, however, something 
positive should be said to counter the crippling hopelessness outlined in the previous 
text.

First it should be stated that there are solutions to almost every problem outlined in 
this report, with some requiring immediate action whilst others being effective only 
over  the  longer  time  frame;  e.g.  government  investment  in  transport  and  energy 
alternatives being near horizon whereas population stabilization and then reduction 
being more distant objectives for sustainability generally.

Peak oil simply means that we are at a plateau in production and that with every year 
after peak the total amount produced and available on the world market will be less if 
demand remains unchecked.  This  still  means that  there  is  as  much oil  (and other 
hydrocarbons) remaining as there has already been consumed, thus with restraint the 
resource  could  still  last  for  many  centuries.  Restraint  can  be  imposed  through 
government and market restrictions, or it may be evolutionary as with a change to 
more fuel efficient cars and less energy intensive homes and lifestyle.

Problematic  though is  that  the global  society is  infatuated with  consumption,  and 
almost every measure of a country’s progress is related to dollars spent in the through-
put  of  resources,  with  almost  all  resources  having an exaggerated energy penalty. 
Political systems are structured toward maintaining the status quo with little regard or 
capacity to implement radical or even precautionary policies, e.g. restricting the sale 
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of coal or uranium for the benefit of future generations; indeed this suggestion would 
likely fall outside the paradigm of most Anglo-Australian’s. Compounding this is the 
efforts of some large corporations and associated financial institutions who’s interests 
are to grow short-term profits as opposed to the future security of either industries or 
those living and yet to be born. And then there are those organizations and institutions 
that will benefit from turmoil and instability (in the Machiavellian sense), and as such 
see profit and power in a peak oil future, and not all of them are branded terrorists, 
e.g. fictionalized in the Nicolas Cage movie “Lord of War”.

The greatest hurdle with regard to peak oil is not that we do not know what is coming, 
or that solutions do not exist, it is apathy, schizophrenia and denial. But mostly it is 
inaction  form those  with  the  power  to  effect  change.  Time is  also  at  a  premium 
because  even  short  term  solutions  require  some  lead-in,  be  that  attributable  to 
machinery  of  government,  public  education  or  for  research  and  development  to 
mature. Unfortunately as hydrocarbon consumption continues (grows) at breakneck 
speed the resource becomes even more valuable and thus invigorates more production 
(e.g. rising stock prices), geopolitical maneuvering (Middle East conflicts), and locks 
us into a suicidal spiral that favours the forces which are the antipathies of morality, 
civilisation and sustainability. 

What should be the basis of most people’s dread is a return to Earth normality, that is 
a population of around 1-2 billion people living at the edge of starvation as is our 
history as humans, and is still experience by nearly half of the world’s population 
today. I am reminded that the first rule of surf-life-saving is don’t drown; I suspect 
that most other countries will consider this also. When that occurs globally, we would 
have already slid back to the 19th century. 

An interesting philosophical exercise would be to imagine that we are doing the world 
and ourselves  a  favour  by limiting  our  hydrocarbon and uranium exports,  just  as 
others may be doing us a favour by raising the price of petroleum to help us kick the 
habit before more serious symptoms develop. Would people vote for this and would 
powerful corporations allow this to happen in a democracy? We know that we will not 
have easy access to oil within the very near future, would it not be best to face that 
reality today whilst many options lay before us and before too much damage is done? 
Sufficient  evidence  already  exists  (Rwanda,  Haiti)  to  demonstrate  that  desperate 
populations will consume the surrounding landscape like plague locusts. 

The last time Australia was without oil was in the closing stages of WWII when the 
population was only 7.5 million, electric trams still ran down the streets of the densely 
populated cities, and most farms still had a horse and someone with the ability to 
work it. Even then petrol rationing produced much hardship and economic disruption, 
which  leads  me  to  my  final  point.  Almost  all  discussion  regarding  Peak  Oil  is 
structured around the cost of driving the family car. I have assumed that this is such an 
obvious point that I barely mention it throughout the paper. Therefore, here I will 
suggest the following; that it will cost more to fill your tank with fuel on ration day, 
the resale value of your 6 or 8 cylinder be negligible, however with a larger car you 
will  be popular  with your  car  pooling buddies.  Oh and watch out  in  the city for 
busses, scooters, bicycles and pedestrians, the roads are likely to be full of them!
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