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Overview

High crude oil prices, concerns about climate change and the eventual decline of conventional oil production raise the issue of alternative fuels, such as non-conventional oil and biofuels. This paper describes a simple probabilistic model of the future production costs of bitumen, including learning-by-doing and depletion.

Methods

The aim is to express our uncertainty about the future costs of supplying alternative liquid fuels. A model is introduced that draws on the user’s degree of belief about a series of parameters as an input (see Hope, 2006). A probability distribution is assigned to these parameters based on “up-to-date knowledge from science and economics”, (Stern, 2007). We look at the uncertainty associated with the validity of the input data and the influence of each parameter on the output. The equation below summarises the first version of the cost model for non-conventional oil:
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Xt = Cumulative production at time t; Ct = Costs at time t; Xu = Total recoverable resources.

The first part of the model translates the effect of learning on costs; the second part describes the effect of depletion on costs and is derived from Nordhaus (1999). Learning and depletion are driven by production. Learning drives costs down, and depletion drives costs up, as the resources become more difficult to extract. The learning coefficient b defines the pace at which technological change is driving costs down, and is derived from the learning rate, LR, which describes the drop in costs for each doubling of cumulative production. The following ranges are assigned to each parameter in the model for Canadian bitumen. The wide ranges reflect the large uncertainty on these parameters. 

	Parameters
	Min
	Most likely
	Max
	
	Parameters
	Min
	Most likely
	Max

	Resources
	Total oil in place 

Q (Trillion barrels)
	1.6
	2.0
	2.5
	
	Depletion
	Maximum depletion costs Cmax (US$/barrel)
	82
	104
	126

	
	Recovery factor 

R (no unit)
	0.12
	0.26
	0.4
	
	
	Depletion exponent

 ( (no unit)
	1
	2.5
	4

	Production
	Inflection time 

t1 (year)
	2010
	2025
	2040
	
	Learning
	Learning rate 

LR (%)
	20
	31
	42

	
	Maximum production rate

xmax (Mb/d)
	4
	5.5
	7
	
	
	Minimum production costs Cmin (US$/barrel)
	2
	6
	9


Results 

The model reveals the kind of uncertainties that need to be dealt with when designing policies. The results show large uncertainties on future supply costs of bitumen, with costs falling in the range of $7 to $15 per barrel in 2050 (2005 US$). Learning dominates in the 5th percentile curve until 2050, as costs continue to decrease: bitumen supply costs fall by around 50% over the 45 year time period. Mean supply costs decrease by 30% over the same period. However, the 95th percentile curve shows increasing costs in the second half of the time period due to the depletion effect overtaking the learning effect. 

Over time, the influence of the learning rate on the supply costs decreases, while the influence of the depletion parameter increases. The learning effect is gradually overtaken by the depletion effect. Learning and depletion are driven by production. A smaller inflexion time t1 means that production, and therefore learning and depletion, happen sooner. The results show that the influence of t1 decreases as the learning effect becomes less dominant. It becomes negative when the influence of the learning rate is smaller than the influence of the depletion exponent. Cmin is the most influential parameter over the whole time period. Its influence starts decreasing slowly as the depletion effect overtakes the learning effect around year 2040. As costs start to increase (in the 95% range of the supply cost curve), Cmin becomes less of a constraint on the evolution of the costs of supplying bitumen.

Conclusions

The results show large uncertainties in the future costs of supplying bitumen from Canadian oil sands deposits, with a 90% confidence interval of $7 to $15 per barrel in 2050. The influence of each parameter on the supply costs is examined, with the minimum supply cost, the learning rate, and the depletion curve exponent having the largest influence. Over time, the influence of the learning rate on the supply costs decreases, while the influence of the depletion curve exponent increases. 

This research ultimately aims to reveal the effects of demand, investments, learning, depletion and production constraints on the costs of supplying alternative fuels. The study will inform decision makers on the type of policy and the scale and timing of investments that will be needed to meet the growing demand for liquid fuels while satisfying CO2 constraints, and the model described here is a first step in this direction.
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