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Overview
Integration of energy markets in South America is a long-lasting goal. However, different bi-national experiences have not gone beyond the physical interconnection. The current international context makes integration, both physically and economically, non feasible on a bilateral way. One of the emblematic cases in the region was the Natural Gas integration between Argentina and Chile initiated in the late 1990s but interrupted in the late 2000s. 
The privatization process of the natural gas industry in Argentina by the beginning of the 90s carried out important investments in transport infrastructure , allowing to connect Chilean consumers at the north, center and south of the country with the productive Argentinean basins. The legal framework that allowed it was the " Acuerdo de Complementación Económica" (ACE) between Argentina and Chile, complemented through several protocols that regulated how firms participated in the market. As a result 7 pipelines accumulating over 3.500 km of pipelines were build, with an investment over 2 million dollars.

Due to the economic crisis in Argentina, natural gas tariffs were frozen in October 2001. In a scenario of economic growth after the crisis with frozen tariffs, there was an important increment in demand of natural gas, for residential and industrial use, but also in power generation. At the same time, losing the price signal discourage investment in exploration. Demand was exerting pressure on a weak supply on the Argentinean side. In consequence, on March 24th of 2004, by Resolution n° 265 of the Energy Secretary, the Argentinean government decided to suspend the exportation of excess supply of natural gas in order to keep the internal demand satisfied. The gas crisis was starting, having its peak in 2007 when Argentinean exports were zero.

Even though there have been 10 years since the natural gas crisis for Chile, this input it is still relevant for the economy. Chile has constructed two LNG regasification terminals with a 5.7 MTPA total regasification capacity(IGU, 2015). Since 2009, natural gas production in Argentina has been declining however the domestic demand is steady rising. In this context, the production of unconventional natural gas in Argentina could be a game-changer and natural gas flow to Chile might taken up again. The purpose of the present paper is to discuss conditions for future exports of natural gas from Argentina to Chile up to 2030 considering growing demand of both countries and forecasting scenarios of natural gas production in Argentina.
Methods

Projections of natural gas demand for transport, residential, commercial and industrial sectors were performed in LEAP software using hybrid bottom-up and top-down approaches depending on the information availability.  Data was collected from national energy balances, energy consumption surveys, national census, infrastructure reports. The model constructed for residential and commercial sector in this study captures the seasonal demand and peaks in winter.
Furthermore a model for power & natural gas supply was constructed in TIMES model on an hourly basis, where the natural gas demands for final sectors projected in LEAP were inserted.
Power generation supply expansion and future electricity demand were based on scenarios constructed by power generation entities of Argentina (AGEERA, 2012) and Chile (CNE, 2015). This power expansion was inserted in the TIMES model together with installation and fuel costs so the TIMES model could perform the power operation on an hourly basis and consequently estimate the natural gas consumption for the power sector. In this study, Chile’s electricity system was modelled as two separate grids, SIC and SING, with other two smaller grids of the south of Chile incorporated into the much larger SIC. We made this separation because each system has different configurations and their pipelines network. Argentina was modelled as a whole system.
Finally, natural gas upstream were modeled using Chavez-Rodríguez et al. (2016) methodoloy for non-associated natural gas production using historical production data of Secretaria de Energia (2015a) and reserves data from Secretaria de Energia (2015b) for Argentina. Natural gas production in Chile was obtained from IEA ( 2015). In Chile, there is no official open publication of a governmental entity about natural gas reserves. Cedigaz and the Oil and Gas Journal have reported proven reserves of 41 and 98 billion cubic meters for the end of 2013 (IEA, 2015). To be conservative, we have used the values of Cedigaz as the proven reserves and the difference of the Oil and Gas Journal values as probable reserves.
For unconventional natural gas we have used the technically recoverable resources estimated by (EIA, 2013) as a boundary for production of unconventional natural gas. CAPEX and OPEX costs for different categories of reserves and resources were made using the same approach of (Chavez-Rodríguez et al., 2016). 
As in Argentina is relevant the associated natural gas production, we forecasted also oil production in Argentina using a Multi-Hubbert approach (Chavez-Rodriguez et al., 2015; Laherrere, 1997) and with a natural gas/oil ratio estimated of 0.3 MMm3 of natural gas/Mm3 of crude oil (Secretaria de Energia, 2015a) we projected the associated natural gas production.
Results
On the demand side in the case of Argentina the transport and residential sector are boosting the natural gas demand in final sectors at growing rates of 2% per year. Residential and commercial sectors explains the peaking demand during winter turning necessary the importations of LNG and increasing the natural gas importations from Bolivia in that season. The State natural gas company ENARSA is making efforts to expand natural gas consumption with the construction of the Argentina Northeast Gas Pipeline (GNEA), a 4131 km gas pipeline network with a capacity of 11.2 MM3/d to supply natural gas to Salta, Formosa, Chaco, Corrientes, Misiones and Santa Fe provinces(ENARSA, 2015).
In Chile industrial sector, followed by residential sector would be the main consumers for final uses of natural gas at growing rates of 11% per year. Two factors explain this high growth: a growing GDP projected (IMF, 2015) and the potential of natural gas to increase market-share to diesel, fuel oil and coal at levels as before Argentinian gas crisis. 
On the supply side, the current natural gas 3P reserves are not enough to supply the future domestic demand in Argentina until 2030, even considering natural gas exportations commitments of Bolivia and the current LNG importation capacity. Currently Chile has a an LNG importation overcapacity, this spare capacity could be used for the benefit of Argentina in the short term in an hypothetical case that the country would not be able to increase its natural gas domestic production. This would mean investment to reverse the flow of the pipelines. 

In physical terms, the unconventional unproved technically recoverable estimated by (EIA, 2013) for Argentina (801.5 TCF) to fulfill future natural gas demand of both Argentina and Chile. However it would be required investments around 1500 MMUS$ per year in Argentina´s upstream.   
Conclusions

After 10 years since the natural gas crisis of Argentina-Chile, two elements has arised to change natural gas dynamics between these two countries: LNG regasification plants overcapacity in Chile and Unconventional Natural Gas in Argentina.

It is projected a rapid natural gas demand growth in Chile, the country´s infrastructure is prepared for this growth until 2027 when the Quintero Regasification plant (4.2 MTPA) will not be enough, requiring another expansion of the regasification capacity. However it will continue relying on LNG overseas markets and prices in case that Argentina would not be able to taking up again exportations.

It is a challenge for Argentina to attract investment in upstream to cope its high natural gas demand and its conventional natural gas fields declining production. Its current 3P reserves will not be sufficient to supply its demand up to 2030. Consequently, the results of this study suggest the necessity to create a regulatory framework to attract high levels of investments to explore and exploit its unconventional natural gas resources. Aiming this objective, Chile through its state oil company, ENAP, could make investment efforts in unconventional resources not only in the Magallanes Basin as now but also in the Neuquen and Paraná Basins in Argentina in order to increase the production. Partnerships of this nature are suggested for the Argentinian government to set up with YPF and other NOCs in order to achieve the required investments to increase natural gas production. 

In case that Argentina is not successful to rise its current declining production, this study suggest short-term plan using the existing pipelines making investments to reverse the natural gas flow from Chile and Argentina taking advantage of the current spare capacity. In every case, the findings of this study should be taken into account for both policy-makers of Argentina and Chile to make a suitable regulatory framework to renew natural gas integration between these countries.
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