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Good afternoon.  Thank you for the opportunity to talk to you on the subject of Peak Oil – Myth or Risk

With the rise in oil prices over the last five years to record nominal highs last July, the subject of Peak Oil has captured popular attention. (Note: 2002 ca. $20/bbl rising to July 2006 $78/bbl)

Many a  media commentator, investment analyst, industry professional and layperson is apparently an expert, with strongly held and often emotionally expressed beliefs on the matter of Peak Oil, be they either for, or against, the Peak Oil argument.

At the one extreme, the survivalist movement and doomsayers seems to have latched onto the argument, so that it appears that Peak Oil has become the Fourth Rider of the Apocalypse.

On the other hand, it is as equally strongly dismissed by others as a theory without foundation, or value in the modern world, the corollary being that we can rest easy, even complacently in a world of continuing abundance of cheap oil.

Neither of these extreme perspectives is justified, nor do they assist in planning for the future. 
The forecasts on which either view is based are fraught with assumptions and uncertainties that cannot be substantiated with any high degree of confidence when the underlying data and industry performance is objectively examined.  

In fact the lack of reliable and accurate data, be it on daily oil production, or reserves, is central to the issue of the vagaries of and uncertainty attached to any forecast of future global oil production.
When examined objectively, the uncertainty attached to the input data to any global oil production forecast is very large, though seldom acknowledged.  It’s no wonder that usually there is as wide a dispersion of views as there are people in the room. 

Yet oil accounts for 35% of primary energy consumed in the world and it represents in excess of 85% of global transportation fuel. 

In the local context 80% of Australia’s petroleum liquids consumption is devoted to road transport and 10% to aviation
Therefore, the question of the continuing availability of oil in the quantities demanded by a growing global economy is central to the longer run viability of just about every business model. 
The possibility of a global peaking in oil production and/or  adverse geopolitics in the oil producing nations of the Middle East represent the major business risks  to the transportation sector.
Should Peak Oil eventuate, then the impacts will be considerable. 
The adaptation required by businesses and economies to survive, let alone prosper, will be very significant and potentially disruptive.

So the consequences and implications of a peaking of oil are substantial ……….but what of the risk that this will actually occur and in what time frame?

In seeking to address this question we come to the real problem…………the confidence and certainty attached to the data with which we have to deal.  

As is often the case, the longer and more detailed the analysis, the greater the confidence that the analyst places in his subsequent prediction……strongly held views backed by in depth analysis give confidence…………yet behavioural psychology tells us that most cases this confidence is falsely placed. 

Sorting the myth from the reality is no easy task, given the uncertainty that attaches to any prediction. The only certainty is that if it occurs, we will only recognise Peak Oil for what it is in the rear view mirror. 

Rather than try to wade through a plethora of forecasts of global oil production, seeking to critique each with a view to sorting the myth from the reality; I’ll examine the historical record to see what it tells us about the risk of Peak Oil and the factors that have bearing on this risk. 
But before we proceed further a definition of Peak Oil is appropriate to ensure we’re on the same page, for it’s in the area of definition that so much of the myth starts.
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Peak Oil refers to that point in time at which the aggregate daily production of conventional crude oil is at a maximum, from which time onward the maximum available daily production declines, inclusive of all anticipated new conventional oil discoveries and developments.

The key words here are aggregate daily production and conventional crude oil.

By conventional oil, we mean crude oil produced by standard petroleum industry methods from subsurface reservoirs.  

This is in contrast to non-conventional oil that derives from industrial production and conversion processes, such as tar sands, oil shale, syn-fuels, bio-fuels etc, and natural gas liquids that derive from the production and processing of natural gas.

The matter of Peak Oil is only about crude oil reserves in so far as Peak Oil is believed to occur at about the time when half of the ultimate global reserves of conventional crude oil have been produced.

It’s fair to say that just about everyone agrees with the view that conventional crude oil is a finite resource and that some day a peak of production will occur…the question is when rather than if…………Peak oil is well documented phenomenon at the country level and we’ll return to this shortly.
So it seems pretty straight forward………..Peak oil is simply about the production rate of conventional oil.

Implicitly, the issue is about our ability to grow the global oil production rate in parallel with growing oil demand.  
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As we are all aware, in the last fifty years oil demand has essentially determined the level oil production.

This plot illustrates the widely fluctuating level of oil demand and thus production growth on a year over year basis for the last 45 years. 

The much quoted historical average oil demand and production growth of 2%/annum conceals a huge variance.
 In the sixties oil demand grew at over 8-12%/annum and oil production had absolutely no problem meeting that demand growth. 
This demand was met with without any oil price rise………. in real terms (2006) prices were below $10/bbl (less than $2/bbl in nominal terms) and remained so until OPEC constricted supply in the in the early-mid seventies.
Clearly excess global supply capacity was in abundance; principally in the United States and the Middle East.

 In recent years oil production growth has struggled to meet demand growth of less than  4 % per annum.  In contrast to the sixties, this relatively modest demand growth has been associated with a threefold increase in oil prices; the first time we have seen genuine demand price pull that is not associated with artificial, politically induced oil supply constraints.   
Hence, the concern that we may be approaching a natural limit in the ability to continuously grows oil supply, sufficient to meet demand growth, particularly that associated with the rapid industrialisation of the population giants in Asia.
For the technical analysts amongst you, I’ve put a line defining the high side demand/production envelope which trends towards zero demand/production growth in about twenty years time. 

It is suggestive of the problem we face……… but it is not a trend underpinned by a robust logic, nor does it have any predictive use in the context of the timing of peak oil production.
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Experts abound on the subject of Peak Oil….. They grow in number daily.

Google search “Peak Oil” and you’ll come up with about 23 million web pages.

Just about any number of predictions of Peak Oil can be found.  
Credible (and perhaps incredible) experts abound on both sides of the Peak Oil debate. 
The forecasts of some of the more prominent, if not respected international experts are summarised on this slide.

From this what are we to conclude about the timing of Peak Oil production? 
The answer to the question seems to be…..…Somewhere between yesterday and never!
As a government, or someone running a business, or an investor, or even someone who drives a car, or takes the bus the work……… How does this range of expert opinions on the timing of peak global oil production help you in your planning and business development, or even managing your lifestyle in a sustainable manner?  

The answer I suggest is……. that you’re probably confused and therefore put it in the too hard basket, or alternatively you might seek a nice pile of sand in which to bury you’re head.

Let’s look a little at the assumptions and “data” behind the range of forecasts.
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Here are some of the primary arguments for and against the theory of Peak Oil.
The first argument, regarding the global Ultimate Recoverable Reserve of oil or URR is the result of hundreds of man years of analysis on both sides of the argument.  
The popularly quoted range of estimates, 2-3 trillion barrels of economically recoverable oil, can be entirely reconciled within the uncertainty that is attached to the estimation of the global oil URR.  

In looking at these numbers we need to look at the confidence level that attaches to each estimate…by this I mean the probability that that a reserve estimate will be realised or exceeded…we’ll come back to this shortly…just remember that no one number can express the possible range of outcomes for URR..…despite what the experts may tell you.
The second argument focuses on the matter of reserves growth.  On one side the emphasis is on exploration discovery, while on the other it is on reserves growth in established producing fields.  Both arguments are factually correct. 
Oil exploration discovery volumes peaked in the 1960’s. 

From 1980 exploration has failed to discover reserves in excess of annual production. 

For the last decade exploration has replaced less than one in three barrels of oil produced.  
At the same time the world’s remaining reserves grown year over year, net of annual production.

Both facts are reconcilable within the framework of estimating field reserves and URR.  The key point is to remember that around 70% of global oil production derives form fields that are more than 20 years old; so that continued reserves growth from existing fields must some day cease….the real question to be answered is…. Will this sooner or later?
The third argument on each side is perhaps the most contentious.  
It revolves around the capacity of the advance of oil field technology to not just improve oil recovery, but more importantly peak production rate on a sustainable basis.  
This is a topic of fierce debate, which I’ll circumvent by saying that the past performance is the best guide to the future …we’ll shortly explore this performance in the context of the home of oil field technology…….the USA.

The final point regarding the timing of historically high production on a country by country basis is factually demonstrable on the "for side" and thus leaves one with an uncertain, if not uneasy feeling, on the "against side"……….. More so given the almost complete lack of information flow and transparency in the Middle East and Russia.
The stark fact remains that only one third of 129 countries with historical oil production are producing currently at historically high rates…… despite the incentive of $60/bbl oil!  
Yet more than 40% of countries with oil production have experienced their historical peak of oil production over a decade ago.
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This slide provides a reference framework for the balance of the discussion.  

Global petroleum liquids production is currently running around 84.3 MBOPD or 30.7 Billion Barrels Per Annum.  
It is notable that we don’t really know how much of this petroleum liquids production is really crude oil.

The reason is that all reporting and production estimates include condensate from natural gas production with oil.  
We do know that of this 84 million barrels/day of liquids production, non-conventional oil accounts for 1.3%, natural gas liquids 9.3% and refinery gains 2.3 %....... …………..so that crude plus condensate production represents 87% or 72.2 million barrels/day.
Best estimates suggest that conventional crude oil probably represents around 72%-75% of petroleum liquids production or about 61-67 million barrels/day. 
A key point of note here is that growing natural gas production over the last decade has contributed abundant petroleum condensate to the global petroleum liquids yield and this may mask some of the more fundamental issues regarding the availability of flexible, low cost conventional oil production.

As a result, we must use the figures of global petroleum liquids production with a degree of circumspection when seeking to interpret the consequences for conventional crude oil production.

With this caveat in mind, we’ll use the global oil plus condensate production figures as a proxy for global crude oil production…….that is to say we’ll base the analysis in subsequent slides on the current 87% of global petroleum liquids production made up of oil plus condensate and their historical antecedents..

 The six largest petroleum liquids producer countries or regions identified on this slide account for 50% of global liquids production.

One of these the USA is indisputably past its peak oil production, demonstrating an average annual oil production decline of 2.8%/annum for the last twenty years, with a clear historical production peak thirty six years ago.
The North Sea historical oil production peak occurred in 1996. Production in this region has declined 14% from this peak over the last decade, and decline rates appear to be accelerating.

Another country, Mexico, appears to have entered the period of decline.   

According to Mexican Government reports in February this year the Cantarell Filed which provides 60% of Mexican production has entered the decline stage of its life.
As for Saudi Arabia, Iran and the FSU (principally Russia) oil production is certainly holding up, albeit with considerable fluctuation.  
To be able to say with any confidence that it can or will be ramped up to meet global oil demand growth is a real leap of faith, given the poor to non-existent disclosure of the basic data relevant to the argument in each of these jurisdictions. 
A key point, and perhaps a surprise to some, is the significance of US production in all this.  Despite thirty six years of decline the US remains the third largest global oil producer, accounting for almost 10% of production!

The key message from this slide is that of three of the six largest producing areas which in total account for over 50% of world oil production have entered the decline stage of their production life.
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If you’re in the business of assessing and managing the risk of Peak Oil, then the best place to start is the historical record for an indication of frequency of events and consequences of events.
So let’s turn to the home of oil field technology………….. the country that until 1997 was the largest oil producer in the world …………and which by any reasonable estimate was the second most,  if not the most endowed country of the world in terms of petroleum reserves as measured by URR.
This slide shows the annual production history of the USA.

Note that oil production clearly peaked in 1970, falling at an average 3% per annum until arrested by massive investment commencing in 1974 ………This was prompted by the leap in oil prices associated with the first and  subsequent OPEC induced oil supply squeezes. 
As a result, of the constriction of oil supply by OPEC, oil prices increased 15 fold over a period of 8 years.  
Investment and production followed, leading to a second, but lower peak of oil production in 1985. 
Since then production has declined steadily for twenty years at an average of 2.8%/annum.

So what’s the first message we can draw from this history……clearly the peaking of oil production at the country level is a well documented phenomenon. It is well documented in the country that has the longest production history and second largest ultimate recoverable oil reserves in the world.
The second message…there is nothing like a fifteen fold increase in oil price to stimulate investment, lift production and reverse, even if temporarily,  the decline following the peak
The third message is more subtle and relates to the impact of oil field technological advance.

Remember that this plot embraces the period since the sixties, when oil field technology advanced at its most rapid pace in history. 
As a measure of the pace of this advance it is illustrative to remember that the first offshore well was drilled in 1897 from the end of a wharf (Summerland Beach 5 miles south of Santa Barbara).  
By the 1960’s oil field development had advanced to water depths of 50 metres while exploration pushed into waters 200 metres deep.  
Now we are capable of exploration drilling in water depths exceeding 3500 metres and the world deepest water production facility now operates water depth approaching 1500 metres (Exxon Diana Field). 
Now in the early stage of field development planning are oil developments in 2450 metres of water (Shell Perdida Filed).
Since the seventies we have developed and deployed a plethora of advanced technologies, many undreamed of even thirty years ago.  
To name but a few: ………. 3D seismic, 4D seismic, shear wave seismic, directional drilling,  horizontal drilling, multi-lateral drilling, extended reach drilling, coiled tubing drilling, low formation damage drilling and completion techniques, mono bore wells, expandable tubulars, measurement while drilling, polymer flood enhanced oil recovery,  remote unmanned production systems, sub-sea completions, dynamic positioning,  smart wells……the list goes on without even mentioning the advances in interpretative capacity and predictive capability that results from the integration of IT into the business of oil exploration and production.
This stream of technological advances was first applied in the USA.  

Throughout the last 40 years, the highly competitive nature of the oil industry in the USA ensured the uptake of new technologies was immediate………… yet to what effect?  


There is no denying the fact of the production decline of the last twenty years………………. the average decline of 2.8% annum is documented and is inescapable. 
Technological advance did not impact the peak; rather it ameliorated to some degree the decline.  
The exact effect is difficult to quantify, but examination of underlying field production trends and new oil field development suggests that technology may have impacted the decline by 2-3% per annum.  
That is to say with static technology the decline would have been about 5-6%/annum.
So the third message from the US experience is that oil field technology can reduce the rate of decline.  However, it does not impact the oil production peak.  
Ultimately the reason for this is very simple.  Most advanced oil field technologies improve oil reserves recovery by lifting and extending the tail of oil production. 
Only those technologies that open new exploration and development provinces, such as deepwater, materially contribute to the peak and this is relatively a relatively small subset of the total oil field technology basket.
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To recap:
· Oil production peaking is a real phenomenon most comprehensively demonstrated and documented in the USA

· Dramatic oil price increases have the potential to lift production and even temporarily reverse the decline following the peak

· Technological advance slows the production decline by 2-3% per annum but does not materially impact the quantum or timing of peak oil production.
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This slide is the same data that was shown in the previous slide of US production history, plotted on a cumulative production basis.
Cumulative production is plotted against the X axis.

On the Y axis is the Annual Production divided by the Cumulative Production to the end of each year in question.

By way of explanation, in year the first year of production (1860) the value on the Y-axis would be one.  When the theoretical last barrel is produced the finally plotted point would be on the X-axis, with a value coincident with the URR of the country.  

In the initial period of production the plotted points are “all over the shop”…….fluctuating demand is the determinant of annual production and the fluctuations prove material when compared to cumulative production to that early point of time. 
After a time however, things settle down…….. Fluctuating demand has less impact relative to the denominator of cumulative production……. and annual production more closely approximates available supply.  
This occurred in the USA from about 1950 twenty years before the peak of production in 1970.
Now if you think about it, what we are seeing here is the historical consequence of all exploration and production effort in the USA, accompanied by the application of advancing oil field technology.  
It’s all embedded in this plot.  
A trend is clear and unless something unprecedented occurs then we can expect that trend to continue.  
It points to conventional oil URR in the US somewhere between 230-250 billion barrels.  
Certainly, we will see more production come from unconventional and higher cost petroleum sources, such as tar sands, gas to liquids, synfuels, biofuels etc………but the point is that these are not readily and cheaply scaleable, low environmental impact alternatives. 
They represent the transition to industrial process petroleum liquids production…quite a different game to that we’ve been playing.
Like the advance of oil field technology, they will ease the pain of decline of low cost conventional oil, but not reverse it.
Interestingly, the 1970 peak of US production occurred at a point 45% of the way to the indicated conventional URR.   
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So what of the world oil production history to date?  
Things have been pretty much continuously “on the up and up” for the last 145 years.

The only peak in evidence is that defined by the decline in demand associated with the fifteen fold OPEC induced oil price rise of the seventies. 

This demand destruction was reversed in the following decade and annual oil production has grown ever since. 

The fact is that we’ll only identify Peak Oil in the rear view mirror, although based on the US experience we can infer an approximate indication of when in might occur.
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This is more thought provoking…again the same style cumulative production plot shown for the US which if you’ll remember settled down to a reasonable trend some twenty years before the 1970 US peak.
So what do we see here ….a clear trend emerging from 1985 which if projected would suggest a global URR of around 2,200 billion barrels…let’s say for arguments sake the range of URR based on this analysis could be expected to lie in the range 2,000-2,5000 billion barrels….such being the case then we have produced just on 40-50%.

In which case based on the US experience it might be reasonable to suggest that peak oil is an imminent possibility.

But what of the widely quoted USGS estimate that there are over 3,000 Billion Barrels of URR?
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This estimate comes from the United States Geological Survey or USGS (2000) study which involved in excess of 100 man years of effort.  
Shown on this plot is the USGS range of estimates of global URR oil in blue, plotted on the Y axis against the respective probability or chance of realisation plotted on the X axis.

At the high confidence level the USGS estimated a little over 2,200 billion barrels of URR with a little over a quarter of this URR yet to be found.

At the other extreme, the USGS estimated that global oil reserves might be as high as high as almost 4,000 billion barrels, albeit with a very low probability, and with more than half of this global oil yet to be found.
What most people overlook in using this estimate is that the often cited USGS estimated URR of more than 3,000 billion barrels of oil is a statistical mean estimate, within the wide range of possible outcomes shown on this side.

Now the mean outcome is what you can expect over a statistically significant number of trials or replays of an event.  
However, we cannot rewind and re-run repeatedly the global tape of oil exploration and production.  
In this case, on a single trial basis, which is what we have, the chance of achieving the mean URR, or better, is only 40%.

So do you want to base your business strategy and planning on a 40% probability outcome?

Take the higher confidence (greater probability outcomes) of the USGS (2000) study and they align with the URR range suggested by our Global Cumulative Oil Production Plot.

At this point it is worth noting that the views of those arguing against near term Peak Oil timing, such as Exxon, are very much premised on the USGS mean oil URR estimate…the 40% probability outcome.
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A peak in conventional oil production is a distinct possibility in the next ten years.  Based on my analysis I’d estimate that there is a 60% likelihood that it will occur before 2015

Based on US experience it is foreseen that technology advance will ameliorate but not reverse the post-peak decline.  
To do otherwise would require a breakthrough that would completely throw out the past history of technological oil field advance as relevant to the issue. 

I suggest that you should beware of the oil field technology advocate telling you that ….this time it’s different.
The biggest uncertainty with regard to the confident quantification of peak oil is the absence of hard data in the three of the largest producer nations (Saudi, Iran & Russia).  
Without details of production, reserves and the state of key reservoirs, accompanied by detailed assessment of the prospectivity of these nations, then any refinement and accurate estimate of peak oil is impossible.  

So, is this an acceptable uncertainty and risk for your business?  ……To be dependent on a few states which arguably have every reason to maximise oil price via the exercise of oil production restraint, aside from the long term political leverage that their oil reserves affords.
Therefore prudent business risk management will take account of the possibility of peak oil in business strategy development and business planning.

You ignore it at your peril for there is a very substantial probability that it will occur with a ten year time frame.

Perhaps surprisingly for some, within the range of uncertainty, this view is compatible with that analysis of the recent CERA report in which liquids petroleum supply grows 110 million barrels per day by 2015, yet almost all of this growth is met by growth associated gas liquids and non-conventional sources.  The key point here is that growth is only satisfied by less flexible, capital intensive and higher cost sources rather than conventional oil.”

The message is clear…the days of cheap, readily available, conventional oil to meet global demand growth are over …….. Unless one believes that the low probability outcomes in the USGS global oil URR estimate will eventuate.  

Successful transport sector business models will have addressed this probability and the risk it carries well in advance.
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When it comes to risk management, particularly in the context of any business in the transport sector confronting the possibility of Peak Oil,  these words ring truer than ever……..
Thank you for your attention.
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