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The LNG industry has been experiencing significant changes in recent years in terms of price volatility, market growth, supply increases and infrastructure expansion (Jensen, 2003).  To support these developments, fiscal and business models have been evolving at a relatively fast pace.  To this extent, it is common for multiple pricing terms and conditions, taxation regimes, and ownership structures to apply to different LNG trains that are located in the same country, and even on the same industrial site.  It is therefore worthwhile to examine the distribution of economic returns and to determine whether there is scope for optimization of some of the key parameters.  
Given the number of competing interests, value distribution along the LNG Chain poses an interesting optimization problem.  A simulation model for the LNG Chain was developed by Cameron et al.  (2005), where the focus was on modeling the dynamics of the LNG business for the purpose of supply chain management.  Previous works on optimization models for economic decision-making in the process industry include for instance Sahinidis et al. (1989).  Deterministic approaches simply provide discrete outcomes for a given sets of inputs, with no indication of likelihood of occurrences, and with the possible oversight of key inter-relationships amongst variables.  Conversely, stochastic approaches (e.g. Clay and Grossmann, 1994) to modeling and decision-making rigorously capture uncertainty of input data, and can therefore give the probability of occurrence of the output(s).  Further, instead of a discrete approach to arriving at decisions, optimization approaches which simultaneously take into account uncertainty are more attractive and reliable.  Li et al. (2008) outlined some of the possible applications of stochastic optimization.

This work involves the formulation of economic models for segments of the LNG Chain that are critical to the question of value distribution, including upstream (gas exploration and production), midstream (gas merchant and LNG processing) and downstream (LNG merchant).  The models capture the taxation regimes that typically apply to these various businesses, as well as all the major cost and pricing elements, from the market price for re-gasified LNG, right back to the wellhead gas price.  They are all linked to form an integrated economic model of the entire LNG Chain for the purpose of optimization.  The optimization problem involved finding the optimal netback pricing parameters and level of Government’s investment shareholding so as to give maximum overall returns.  Uncertainty in key input variables are rigorously taken into account thereby requiring a stochastic optimization solution approach.  Constraints are placed on the minimum acceptable returns on each segment of the LNG Value Chain to ensure realistic outcomes.
First consider the results of the deterministic optimal solution.  In maximizing Government revenues, the return on the downstream segment of the Chain was found to be at a minimum.  This result follows from the fact that there are no Government taxes to be gained from this activity which falls outside of the tax net of the country.  The midstream rate of return is also found to be at the minimum.  The overall effect is that significant market value is directed to the upstream, as controlled by appropriate selection of the netback pricing parameters.  Government investment in the upstream was also found to be favored.  
Using this optimal solution, a Monte Carlo simulation is performed to assess the impact of risk on the returns.  It was found that there was a high probability of Government’s return (net present value) on its investment being negative.  Given the general risk-averse nature of Governments, such as those of developing countries with limited financial resources, this risk outcome may be unacceptable.  By setting limits on the confidence intervals, a chance-constrained optimization problem was then solved which adequately captured this risk affinity criterion.  
In this case, the probability of the returns being negative is found to be reduced to the bound that was set, and hence more tolerable.  On examining the optimal choice of values of the decision variables, we can determine how this risk mitigation was achieved.  It was found that the optimal solution involved a reduction in Government’s investment in both the upstream and midstream relative to the deterministic solution.  Interestingly, there is also an improvement in the objective function value as well.  This shows that the deterministic solution was actually sub-optimal, which has serious implications for any decision on which it is based.  The stochastic optimization approach proposed here for determining economic and risk distribution in the LNG business is certainly more reliable.
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