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Overview

Well-to-Tank (WTT) analysis is one of the engineering methods that have increasingly gained attention as an important tool for environmental policy and strategic decision making by oil companies. WTW studies assess the emissions (e.g., CO2) and resource consumption associated with the production of different automotive fuels from raw material extraction to the fuel use in the vehicle. However, a WTT analysis is not as complete as a full-fuel cycle or well-to-wheel analysis which also includes consumption of a fuel in the provision of transportation services (e.g., Bell, et al., 1995a and b).

Within a WTT assessment, refining is the only step that differentiates diesel oil and gasoline production, with respect to CO2 emissions and other greenhouse gases (Prieur and Tilagone, 2007). Refining is a complex joint production system for which arbitrary assignment or allocation of total GHG emissions to specific products is impossible. Neither the traditional “accounting” WTT approaches, nor existing databases are useful because both methods fail to capture the complex interdependencies and synergies which exist between production processes and the resulting products. However, such an assignment is required for the inventory phase of a WTT study. Hence, a set of arbitrary but plausible and “commonly accepted” hypotheses are first assumed. 

In the recent cost engineering literature (Babusiaux and Pierru 2007, Pierru 2007), the well-known Ramsey pricing solution, from the economic theory, has been suggested as one method of emissions allocation. These authors propose allocation of total CO2 emissions from refining to specific refined products, on an inversely proportional basis to a specific product’s price elasticity. Using this approach, it is assumed that the resulting allocation of emissions among refined products reflects a distribution that maximizes societal welfare. 

Many ambiguities, inconsistencies and misconceptions exist in the application of this approach which could lead to incorrect economic conclusions. The objective of this paper is to provide a critical review of the adaptation of Ramsey pricing solution for the calculate of the carbon content of automobile fuels at the refinery gate. Further, we introduce and discuss an alternative linear programming-based allocation approach which emerges from the optimal solution of the standard refinery problem. We show how the information associated with the optimal solution of this problem can be used to fully allocate CO2 emissions from a refinery to its joint products, without having to rely on additional and often unrealistic hypotheses such as those required for a Ramsey solution. 

Methods

We consider the classic linear programming framework for refining that is proposed in the literature: i.e., a short-run competitive model with an objective of satisfying a given product ouput (in terms of both level and product type), at the minimum total variable cost subject to the prevailing technology and input availabilities. 
Based on this model, we show that the adaptation of the Ramsey solution is not possible in practice, and even if it were the case, contrary to what is claimed, the outcome would not maximize the social welfare of the economy.
Results

Some of the mains results of this paper can be summarized as follows:

1. In the version of Ramsey-pricing solution proposed in the literature, the substitution effects among output products are assumed to be zero. But in a refinery context, ignoring this cross effects among oil products brings us back to the main shortcoming of the accounting approaches and might significantly skew the obtained CO2 allocations.

2. The application of Ramsey solution involves numerical estimates of both the direct and cross elasticities of a vast number of refined petroleum products. In practice, estimates of these elasticities do not exist and their estimation is not possible due to the lack of information.

3. The real connection between refined petroleum product output and a refinery’s emissions is based on technical relationships embodied in the refinery structure; and, this relationship is often completely independent from refined product market structure. 

4. The Ramsey pricing solution as originally proposed assumes a regulated monopoly in which the firm (subject to a profit constraint) attempts to receive a fair return on capital as well as recover the short-run marginal costs of production.  Refining, on the other hand, is competitive with multiple firms (both domestically and foreign) operating to maximize profits. Thus, application of the Ramsey pricing model to refining is inappropriate, since the major assumptions underlying the model are not met.

5. We show that allocation of CO2 emissions, which result from a profit maximizing (or cost minimizing) behaviors, on the basis of the inverse proportionality of elasticities of demand for refined products does not maximize social welfare.

Conclusions

In order to estimate the average carbon content of automotive fuels at the refinery gate, several authors have proposed the use of Ramsey pricing solution. The aim of this paper is to show the inappropriateness of this application in practice and to highlight its underlying inconsistencies within a WTT framework. Instead we offer an alternative that is easier to apply, and uses the output from existing models.
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