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Overview

We discuss issues related to disruption of supply of natural gas on a large scale and its likely impacts on the reorganization of trade flows, spot prices, demand side response, consumption and production of natural gas. Two scenarios are discussed in detail i) Disruption of shipping in the strait of Hormuz ii) Disruption in piped gas supply from Russia to Europe through Ukraine and Belarus. We use the World Gas Model by Nexant to simulate the scenarios for their effects on the key regional gas markets. The robustness of integrated global gas markets of near future are examined in relation to disruption of supply chain. We find that a) Russian disruption has far more impact on the global supply patterns and prices due to the characteristics of the regional supply network, while strait of Hormuz disruption of gas only has a marginal impact on the regional trade balances and prices. b) We also analyse how the storage of gas reserves, diversification of LNG supply routes and alternate gas pipelines has an effect on energy security. 
Methods

The analysis of the impact of disruptions to supply security, flexibility of natural gas production and consumption and trade patterns is informative when the usage share of natural gas in energy mix is poised to increase in the long term. This becomes more relevant in that results of such disruption scenario analysis with the help of a comprehensive world gas model are not publicly disseminated. While there are studies on robust supply chains, design of new supply paradigms ofnatural gas (from a regional perspective) and disruption studies for other commodities such as crude oil, our study takes into account the globalized trade of natural gas and quantitatively analyse the results of major supply disruptions on country and a regional level. The tool of analysis is World Gas Model by Nexant, which covers all countries that produce or consume natural gas. The model is a general equilibrium model with node balancing and cost optimization within production, demand and infrastructure constraints.  We use the World Gas Model with modified parameters to reflect latest pipline and LNG developments with updated price, production and demand figures of all major countries and regions. We use this model to simulate the cases where key supply routes between between the regions are disrupted. 
Results

We find that Russian Gas disruption to Europe over a 3 month period sees overall average price hikes of 12% in the continental European spot markets, and a substantially less than 1% of decrease in consumption. Producton shortfall in Russia is seen compensated by additional production in FSU, Latin Americaand Europe. Additional supply is routed from USA, Latin America Middle East and North Africa in that order to Europe. This tightness in market reflects in increased Asian prices in North East Asia.Overall, supply of security in Europe is maintained with limited increase in prices.The results from strait of Hormuz disruption points to the robustness of Asian supply in the context of increased Australian and North American exports. Whilst this hinges on the consensus estimate of Chinese and Indian demand and domestic gas production and greater pipeline connectivity in the region, we however made allowances for lower domestic production and base line demand to simulate if the demand is still met in the event of disruption. Production shortfall from disruption affected countries, Qatar and UAE is compensated by increased production in all regions and trade flows, and thus consumption profiles are maintained. There is increased LNG flow from Africa to Asia, North America to Asia Pacific and Africa to Europe. Pipeline flows from Russia to Europe is also robust enough to suppy additional gas inot the market in the event of a Hormuz strait disruption. Prices are observed to peak uniformly across Asia, Continental Europe and FSU by 10-20% on an average in the spot market. 
The major difference observed between the Hormuz strait and Russian disruptions occur over longer disruption periods, where a simulated 6 month Russian disruption event showed reduced consumption in Europe as the supply chain cannot compensate for the same, while consumption patterns remained resilient in the longer duration (6 months and 1 year) strait of Hormuz disruption.
Conclusions
The slack in production capacity with respect to actual production is a key factor in the robustness of the markets in the event of a supply disruption from a key node. Natural gas as a commodity is relatively inflexible in supply and demand for fundamental reasons. Any major disruption event can thus temporarily affect the supply infrastructure so as to partially or fully affecting the ability of transmission netwroks to balance the relatively inflexible supply and (node). The existence of limited level of supply flexibility and limited headroom for production increases, limited ability of industrial consumers to store and switch fuels, the predominantly long term contracted supply of natural gas which adds the first level of inflexibility, all result in limited spare gas volumes to fully counter the reduced supply, especially in regions and countries with most dependence on the disrupted gas. This is more pronounced in the Russian gas disruption case than the Hormuz strait disruption where Qatar an UAE gas supply is disrupted. We would associate a tightened market in Asia with demand side reductions and price spurts, but the increased global liquefaction capacity in Australia and USA coupled with the rise of un contracted volume that can be traded on spot market (modelled in the scenario), see that Asia enjoys supply security even with a serious 1 year disruption of this arterial supply route of Qatari gas. Our assumed disruption events happen in a market where incremental Australian, North American and African LNG start to flow (year 2020-21).
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