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Infrastructure costs represent the main share of cost of natural gas. Since these costs are sunk and location-specific, the investor should consider optimisation problems taking into account different scenarios of future demand pattern. There is analogy with sea shells that grow discretely, changing their cover only several times in life. A pipe should have enough capacity to meet flexible gas demand over next several years, the time sufficient to return invested fixed cost. Both under- and over-capacity have their costs: the former leads to shortages while the latter prolongs the time of investment return. There are several sources of future changes in demand that can put supply at the upper capacity constraint: 

a) overall positive trend in gas demand (with world average estimate at 3 % per year and significant regional volatility);

b) seasonal demand volatility caused by weather change inducing changing demand for heating;

c) potential future market liberalization that increases temporal volatility of not only price, but also quantity demanded from a particular pipeline;

d) the threat of “gas wars” similar to one between Russia and Ukraine in January 2006.

The method of investigation is theoretical and is based on optimisation techniques under demand uncertainty. The paper presents a sequence of mathematical models that cover different aspect of the problem. First,  the case of seasonal demand variation with fully deterministic periodic function is considered. An optimal flow capacity of a pipeline is the solution to optimisation problem of investor that makes a balance between two conflicting objectives: higher ratio of transmitted volume to capacity and less penalties from shortage periods due to demand peak congestion. We also consider an installation of complementary storage facility in the location of consumer that can reduce or fully eliminate these shortages. The above problems are studied under the assumption of long term fixed price for gas (long term contracts) while introduction of peak load price can also solve the problem.

Next model is done in stochastic setting. Given probability distribution of expected future demand flows and the cost of shortage, it is possible to find an optimal ratio of average capacity use of a gas pipeline. Given that pipeline projects have typically the internal rate of return (IRR) of several years, all three factors lead to a necessity to have average used flow capacity below technologically maximal capacity, and thus increase IRR. 

Further mathematical extensions involve application of real option theory and jump process to study pricing of investment in more complex cases of risks involving “gas wars”. We also consider the effect of property rights (who owns pipeline – producer, consumer or joint venture) on the market and investment.

Gas storage facilities in the country of demand can make the system more flexible. They can be used for temporal gas accumulation in low demand season in order to dispatch it in high demand season. Besides that, hey may be extremely efficient in geopolitical terms in the case of gas wars. However, meeting all listed goals requires quite substantial storage capacities, with high construction costs.

Our results show that optimality and flexibility represent conflicting objectives. The cheapest project winning financial competition among investors requires steady flows of gas and low risks of future changes. This is typically valid in the case of long term fixed contracts. Unstable future environment (risks of future liberalizations and gas wars) makes investment in infrastructure more expensive. Hence we get under-investment leading to further rise in prices as well as risk of future gas shortages due to capacity constraints.

