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Presentation
Since 1973 worldwide natural gas consumption has been increasing continuously from about 1000Mtoe to 2500Mtoe in 2007 as stated by the International Energy Agency. Accordingly, infrastructures have been developed to transport the natural gas from the well to the final consumer.

Natural gas chain value can be segmented in upstream and downstream sectors. The organization of the upstream sector is similar to that of the oil sector, whereas the organization of the downstream sector resembles much that of the electricity sector. The upstream gas sector includes three main activities: 1) exploration, 2) production, and 3) transportation by long-distance, often international, pipeline or, after obtaining liquefied natural gas (LNG) in a liquefaction terminal, by vessel. On the other hand, the downstream sector includes four main activities: 1) supply, 2) transportation, 3) distribution and, 4) retail. The frontier between both sectors is usually placed in the international borders, e.g. a vessel leaves the Algerian upstream liquefaction terminal and reaches the Spanish downstream LNG plant.
The strategic interaction among the market participants within the downstream natural gas market can be analyzed by means of an operation model. Nevertheless, the upstream sector is not completely ignored as it is characterized in the supply activity, in which downstream companies trade with upstream companies agreeing a price and a delivery point. Obviously, contract conditions should reflect both downstream and upstream interests. The delivery point, which could be a LNG plant or the border of an international pipeline, is the gateway to the downstream market. Once the natural gas has crossed the border of the downstream market, market participants manage their existences in order to balance their demand, normally, in a daily basis. Consequently, participants make use of the different infrastructures, such as LNG plants or storages, interacting among them. Furthermore, the objective is easily achieved when participants can swap their existences with each other.
The paper describes a linear optimization model able to represent not only the strategic interaction among the market participants, but also the utilization of the different infrastructures. In addition, the model can provide with economic signals about the proper development of the natural gas system or the expected or foresee situation of shortage of supplies. A case study shows part of the above mentioned effects.
Overview
In general, natural gas market models can be classified depending on whether the pipeline network is considered. In addition, when the network is considered, natural gas flows may be calculated bearing in mind the pressure drop, through the non-linear Weymouth equation, or just approximated ignoring the pressure drop. The main drawback of taking into account the pressure drop is that the Weymouth equation is included as a non-linear constraint. Different approaches have been proposed to solve this difficulty as De Wolf and Smeers (2000), Muñoz et al. (2003), Martin et al. (2005), and Tomasgard et al. (2007).
When the model does not require a detail representation of the natural gas network, the pressure drop can be ignored. Therefore, flows along the pipelines are continuous variables subject to minimum and maximum constraints. The pipeline network is generally represented in the models to consider the possible network constraints. For instance, see Avery et al. (1992), Gabriel et al. (2005), and Zwart and Mulder (2006).

Finally, the single-node approach, i.e. disregarding the pipeline network, is also common for natural gas market models. The single-node approach is equivalent to consider network constraints negligible. Within this framework can be found De Wolf and Smeers (1997), Guldmann and Wang (1999), Boots et al. (2004), and Holz et al. (2008).
Methods
The objective of the model is to represent properly the operation in the downstream natural gas market. Within the downstream natural gas market, distinct activities are recognized: supply, LNG regasification terminals operation, storage operation, and retail. Observe that operation of transportation by pipeline is ignored. The LNG regasification terminals and the storages are operated by a system operator whose retribution is regulated. Physical swaps among the agents participating in the market are allowed in LNG regasification terminals and storages. Although the pipeline network is not represented, the definition of natural gas balancing zones allows for the consideration of natural gas system constraints. In addition, swaps in the transportation network are also possible due to the capacity storage of the pipelines, which is aggregated in the balancing zone. The temporal dimension of the model is the day. This is possible due to the size of the natural gas systems when network is ignored. For instance, in the European Union there are only 18 LNG regasification terminals. Furthermore, a typical control measure of the correct performance of the system is the daily balance.

Results and conclusions
The results that can be obtained with the downstream natural gas market model depend on the point of view of the user: a regulator, a system operator, or a company. For instance, the regulator could verify the properness of a future regulatory measure or to evaluate the competition degree of the market, a system operator could anticipate possible constraints due to the utilization of the infrastructures of the natural gas system, or a company could optimize the management of its supply contracts or even renegotiate the conditions of the contract. The case study shows some of the above mentioned results.
In conclusion, the paper proposes a linear optimization problem that minimizes the operation of the natural gas system on behalf of the market participants.
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