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Overview
The inclusion of greenhouse gas (GHG) emissions costs in energy systems decision-making requires the development of a framework to inform stakeholders of the full costs and benefits of potential investments. One such investment involves the question of whether to upgrade Alberta’s oil sands bitumen, which currently comprise 15% of U.S. crude oil imports (1). A key challenge for oil sands producers is that they must increase the hydrogen-carbon ratio of bitumen in order to deliver a product that meets minimum pipeline specifications for transporting crude oil. One option (referred to hereafter as the “upgrading option”) is to upgrade bitumen into relatively high-quality synthetic crude oil (SCO), a conversion process that requires substantial inputs of heat and hydrogen. Alternatively (referred to hereafter as the “dilution option”), producers may blend bitumen with lighter hydrocarbon liquids such as naphtha, producing a relatively low-quality diluted bitumen (dilbit). The decision of whether to upgrade or blend bitumen requires the evaluation of several GHG and economic tradeoffs under the prospect of potential carbon-price policies that address the life cycle impacts of oil sands products.
Methods
This paper develops an integrated framework to evaluate these tradeoffs by integrating life cycle assessment with partial cost-benefit analysis methods. A spreadsheet model is constructed to calculate the net present values (NPV) of upgrading and blending options from the perspectives of industry, Alberta public, and climate-concerned Alberta stakeholders. To identify costs to these stakeholders stemming from a hypothetical economy-wide carbon tax, a “well-to-wheels” (i.e. recovery of bitumen through the combustion of transportation fuels) life cycle assessment model is developed in order to calculate plausible ranges of GHG emissions for these two options. A Base Case scenario with representative parameter values collected from industry and literature sources is evaluated, followed by a sensitivity analysis that identifies the key parameters influencing this decision and tests the Base Case results for each stakeholder under a plausible range of technical and economic parameters.
Results
We find that under our Base Case scenario, industry stakeholders favour the dilution option over upgrading under nearly all plausible carbon-price policies. On the other hand, the Alberta public stakeholder prefers the upgrading option at high carbon prices (> $75/tonne CO2e), and the climate-concerned Alberta resident prefers upgrading under all carbon-price policies.  Moreover, our sensitivity analysis indicates that under most plausible sets of technical, economic, and long-term carbon prices, industry stakeholders would prefer the dilution option, while the climate-concerned Alberta resident would prefer the upgrading option. In contrast, the preferences of the general Alberta public depend on the values of key variables, e.g. the SCO-dilbit price differential and the opportunity to sell SCO to a refinery with a low-energy hydroskimming unit. 
Conclusions

Key drivers of differences between stakeholders’ preferences include different perceptions of investment risks and responsibilities for life cycle GHG emissions. Therefore, the mere presence of carbon-price policies may not be sufficient to align industry and public stakeholder preferences on upgrading decisions. Specifically, Alberta policymakers who wish to incent upgrading, out of a belief that this option will lead to greater long-term benefits for the province, must address the different levels of risk faced by industry stakeholders in this decision. Similar energy systems investment decisions may also be informed by this life cycle assessment-partial cost-benefit analysis framework.
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