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Overview

Estimates of the remaining recoverable volumes of crude oil have been produced by various authors, but suffer from a number of drawbacks. Firstly, there exists the polarisation of opinion into `optimistic' and `pessimistic' viewpoints, with optimists dismissing the concept of peak oil and pessimists foreseeing a supply constrained peak in oil production in the near-term (with some believing that it has already occurred). Secondly, there is the problem of data availability. Given the huge sums of money involved in the oil industry, it is of little surprise that information on country and field reserves as well as the costs of production are kept secret; however this does not aid analysts examining the area. There is therefore an absence of methodical, rigorous, and objective research estimating the future availability of oil that quantifies the uncertainties in making such estimates and which takes account of both the pessimist’s and optimist’s opinions; an absence that this paper seeks to address.

Related research 

A number of models employed and forecasts were summarised in a recent report by UKERC (Sorrell et al. 2009) and this paper builds on that work. These focussed on production and flow rates of oil in the short to medium term and hence generally only gave single figures for the ultimately recoverable resources for a region or globally without any indication of what percentage of these might be economic and at what price.  

Aguilera (2009), on the other hand, undertook an encompassing review of conventional and unconventional resources and the costs at which these became available and hence presented a supply cost curve for crude oil. Largely absent from this and the forecasts reviewed by Sorrell,  however, was an appreciation of the uncertainties that exist in undertaking resource estimates and no error margins or confidence intervals were outlined.  

Such uncertainty estimates have been undertaken by others . A recent paper by Owen (2010) looked at the range of opinions in reserve estimates for conventional oil, while Mejean (2008) focused on Canadian bitumen, analysing the uncertainties in the components that form the economically recoverable resources. These surveys were not expanded by examining the uncertainties in any more than one resource category however.

To the best knowledge of the author, this paper therefore fills a gap in the existing literature by methodically analysing the volume of each category of oil (listed below) held by each country, the ranges that exist in such estimates, and the cost at which they can be produced.  

Methods

The resource types that make up crude oil can broadly be categorised as shown in the list below.  Through a review of existing literature and in consultation with experts in the field, the uncertainties that lead to systematic errors in estimating each component are described and briefly discussed. By examining these uncertainties, ranges for each conventional component within each country are derived.
· Conventional 

· reserves (both deepwater and shallow offshore/onshore);

· reserve growth ;

· undiscovered oil;

· arctic oil;

· Unconventional

· natural bitumen (both mining and in situ);

· extra-heavy oil; and

· oil shale

For the unconventional resources, the three major unconventional deposits that exist, bitumen in Canada, extra-heavy oil in Venezuela, and oil shale in USA, are analysed in detail. A review of the estimates of original oil in place (‘OOIP’) and recovery factors is undertaken, the combination of which provide the technically recoverable resources. The ranges in uncertainties, both in OOIP and recovery factor are then extrapolated to other countries that hold smaller deposits for which less information is available. 

Cost data is based upon information provided by the IEA long-term availability curve, giving the production cost (capital expenditure, operational expenditure and  cost of capital) for each resource type listed above. These costs are further differentiated by country, variation of cost within resource type
, and any necessary upgrading processes. Each is derived using available empirical data. For example, supply curves for Arctic Alaska or deepwater Gulf of Mexico, are used to derive the variation of cost within Arctic oil resource category and deepwater reserves. In this paper the uncertainties in production costs are not considered, instead focussing solely on the uncertainties introduced from examining resource estimates.

Monte Carlo analysis is finally used to combine the resource ranges and cost estimates.  A beta distribution is employed to approximate the probability distribution within the resource range. The effects of the ranges in resource uncertainties on the long term supply curves are then quantified and presented.

Results and conclusions 

The combined global supply curve for conventional and unconventional oil is displayed  below. The blue and yellow bands indicate one and two standard deviation from the modal case.  From around 50$/bbl it can be seen that the uncertainties begin to increase dramatically, corresponding to the availability of unconventional oil, and dwarf the uncertainties in conventional oil available at lower costs. It can also be seen that over one and a half times the volume of oil already produced is available at costs of less than $40, well under half the current oil price. 
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� The IEA presents a range of costs for a given volume of resource. The variation of cost within the resource type determines the percentage of this particular resource that is available at a certain percentage of the cost range.





