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Abstract


The natural gas is broadly envisaged as a transition fuel in the energy decarbonisation. However, demand scenarios to 2050 differs largely depending on the share captured in the power generation and transport sectors. In such an uncertain context, an intertemporal spatial equilibrium model is implemented, to optimize the deployment of the future EU infrastructures over the period 2015–2050. The Iberian sub region is emphasized, so that the role of its regasification capacity and the interconnection with the rest of the EU is stated. As a result, additional investments on regasification plants are not required, provided that the EU-Iberian interconnection is properly expanded, in line with the planned project MIDCAT.
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1. Introduction


In order to limit the long-run rise in the average global temperature to 2 °C above pre-industrial levels, and assuming the additional effort from the developing countries, the EU is set to cut the greenhouse gas (GHG) emissions by 80% by 2050. Gross domestic production (GDP), primary energy demand (PED) and GHG emissions, in 1990 and 2011 and projections to 2050 are shown in the Figure 1, based on the IEA ETP 2014 [1]. The main facts are the energy intensity reduction and the renewable energy sources (RES) substitution for fossil fuels. Such a transition will require promoting RES technologies, to ensure producers a cost-based payment above market prices, such as the feed-in-tariff in the power sector [2]. Meanwhile, the natural gas, as the cleanest fossil fuel with abundant and widely dispersed resources, is broadly envisaged as a transition fuel to renewable sources [3].



The EU gas consumption has stagnated at 450–500 billion cubic meter annum (bcma) over the last decade, as a result of the economic downturn and the higher natural gas prices compared with coal in the power sector. The ETP2014 projections to 2050 ranges from 300 to 670 bcma, with the highly competitive power sector and the transport being the main drivers.



As a result of the political turmoil in the traditional pipeline partners and the depleting North Sea reserves, the EU security of supply will depend on an emerging global gas market and the effective use of the capital-intensive transport infrastructures. Thus, existing liquefied natural gas (LNG) receiving plants, 80% of their send-out capacity is currently located in the Iberian sub region, could play a key role. Transparency and non-discriminatory access to the gas transmission network is moving the EU from the oil indexed to a gas on gas competition hub-based pricing.



In such an uncertain environment, efficient investments in new facilities (entry connections and interconnections) must be targeted, while completing the internal gas market.




2. Materials and Methods


Three different approaches are distinguished, when modeling natural gas markets [4,5]: transport linear, spatial equilibrium nonlinear, and strategic behavior mixed complimentary models. A dynamic intertemporal spatial equilibrium model is used in this work, to optimize the deployment of the future transport infrastructures in a perfectly competitive market, where prices and volumes are obtained from linear supply and demand curves.



The system is approached as a network, where the nodes represent the natural gas supply chain (supply and demand regions, and transit nodes), while the arcs represent the transportation (pipelines, shipping, liquefaction and regasification). The capacity in some arcs is considered limited, and can be increased over the planning horizon 2015–2050 on a 5-yearly basis.



All major regions and the main EU pipeline and LNG entries are represented in the model, as shown in the Figure 2, with the Iberian sub region being emphasized, in order to state the role of its interconnection. LNG end-use demand is also differentiated. Furthermore, the natural gas transport chain is represented in the model: liquefaction, LNG shipping, LNG receiving plants (grouped by Iberia, Atlantic and Mediterranean), EU pipeline gateways, the Iberian interconnection, and both natural gas and LNG delivery to market.



Linear supply and demand curves are characterized by a reference point and their corresponding price elasticities. According to the 80% cutting emission objective by the year 2050, two demand scenarios are considered (at current levels and at 300 bcma). The Iberian demand share is assumed as 9% [6], while operating (OPEX) and capital expenses (CAPEX) are based on [7,8].



In addition to the network logic and some supply restrictions, an objective function is declared in terms of net present economic welfare that maximizes the sum of consumer and producer surplus, once the transport costs are subtracted. Finally, the model is implemented into the high level modeling program GAMS [9] and solved by the nonlinear programming solver CONOPT.




3. Results


In the base case, EU LNG entries would gradually be growing to 24.9% over the period 2015–2050, mainly from Africa through the Med, and from North America through the Atlantic. Additional regasification plants are not required in the EU, as long as the Iberian interconnection is properly expanded. Higher Iberian interconnection CAPEX compared with the regasification one are offset by the corresponding lower shipping costs from the Middle East and Africa to the Iberian receiving plants, according to their geostrategic location. The northbound Iberian interconnection capacity should be expanded from the initial 5.0 bcma to 13.2 bcma in 2025.



Tables turn entirely in the low case, where the North Sea recover the prominent role at the expense of the LNG supplies. The Iberian market would be supplied by pipeline, either Northbound from Africa or Southbound through the interconnection, which should be expanded from initial 5 bcma to 9.8 bcma. The evolution every ten years of the EU gateway flows and the total LNG interregional flows over the period 2015–2050 are shown in the Table 1.



As a result, actually planned investments are highlighted, including the expansion of the Spanish-French cross-border by 2015 from 5 to 7 bcma, and the under discussion MIDCAT project, which would increase capacity by 2020 in 8 bcma Northbound and 2.5 bcma Southbound [10].



The model accuracy is tested by comparing the model results with available real data. Firstly, interregional flows in 2015 obtained by the model are compared with the natural gas trade in 2014 (BP, 2015). Minor deviations were stated in the Middle East supplies, since some 20 bcma were actually land bridged in Spain to the higher-priced Asia Pacific market. Such an imperfect situation is caused by the fixed destination clauses. Secondly, two simulations over the period 2000–2030 are considered, assuming (1) the projections as of the year 2000 and (2) the real data 2000–2015. As a result, two investment planning are obtained, which are compared with the real investments by 2015.



	
Plan 2015 (1): the reduced regasification capacity in the EU by 2000 and the lower shipping costs from Middle East and Africa resulted in expanding Iberian and Mediterranean capacity.



	
Plan 2015 (2): real market conditions caused interregional trade redistribution, and moderate expansions in Atlantic (7 bcma) and Iberia (12.2 bcma) receiving plants would be expected.



	
Real 2015: a regasification overcapacity has occurred, in Iberia (+66.8 bcma) and the Atlantic (+81.3 bcma).



	
The following situations have been identified when comparing the three investment paths:



	
Adjusted (real capacity within the planning interval), such as the Russian gateway.



	
Oversized (real capacity above the planning intervals), such as the Iberian and Atlantic regasification plants.



	
Undersized (real capacity below the planning interval), such as the Northbound Iberian interconnection.






Assumptions have been made, in order to reduce the complexity of the problem formulation and optimization, in terms of market framework, uncertain parameters and scalability. The model could be further improved, enhancing the scalability to a country and regasification plant level, and the time granularity, introducing the seasonal dimension and intermediate storages.




4. Conclusions


Based on a basic spatial equilibrium model, additional investments on regasification plants are not recommended in the EU, provided that the corresponding gateways are properly interconnected. Capacity expansions are proposed in the Iberian interconnection accordingly, 8.2 bcma Northbound by 2025 in a base case and 4.8 bcma Southbound by 2020 in a low case. These results are in line with real and planned investments, highlighting the expansion of 2 bcma (both ways) by 2015, and recommending an investment decision for the project MIDCAT to increase the Northbound (8 bcma) and Southbound (2.5 bcma) capacities.



	
Deviations in the model results are generated throughout the modeling process:



	
Framework: derived from market imperfections. However, with an increasing demand in the non-OECD countries, the market is expected to get more global and competitive.



	
Parameterization: derived from uncertainty in the projections.






Formulation (political factors beyond an economic optimization): In the targeted gas single market, decision makers on infrastructure investments will be moving to a common interest approach.



Low prices and a supportive policy are the perfect context for LNG to be developed as a transport fuel, remarkably potential in the heavy duty road and maritime segments. With the entry infrastructure being covered by the existing receiving plants, the LNG distribution would require the development of a small scale supply chain (bulk break, satellite plants, bunkering, etc.). The current EU storage capacity, equivalent to 35 days, should be increased to maintain a minimum holding stock similar to the oil products (90 days).
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Figure 1. EU energy related indicators (1990 2011 and ETP2014 scenarios to 2050). 
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Figure 2. Model nodes and arcs. 
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Table 1. EU gateway flows 2015–2050—low case (in bcma).
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Base Case

	
Low Case




	

	
Capacity

	
Flows

	
Capacity

	
Flows

	
Capacity




	

	
2015

	
2015

	
2030

	
2050

	
2050

	
2015

	
2030

	
2050

	
2050






	
Regas Iberian

	
76.8

	
8.2

	
35.2

	
37.3

	
76.8

	
8.2

	
5.8

	
0.5

	
76.8




	
Regas Atlantic

	
96.3

	
3.7

	
20.1

	
61.8

	
96.3

	
3.7

	
12.4

	
18.0

	
96.3




	
Regas Med

	
25.0

	
0.0

	
6.8

	
25.0

	
25.0

	
0.0

	
0.0

	
0.0

	
25.0




	
Pipeline imports

	
201.0

	
165.6

	
187.4

	
195.5

	
201.0

	
165.6

	
163.8

	
128.5

	
201.0




	
North Sea

	
300.0

	
235.7

	
226.0

	
179.0

	
300.0

	
235.7

	
226.0

	
160.1

	
300.0




	
Iberian North

	
5.0

	
0.0

	
13.2

	
13.2

	
13.2

	
0.0

	
0.0

	
0.0

	
5.0




	
Iberian South

	
5.0

	
0.6

	
0.0

	
0.0

	
5.0

	
0.6

	
9.8

	
6.1

	
9.8




	
EU demand

	

	
413.2

	
475.5

	
498.7

	

	
413.2

	
408.0

	
307.2
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