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Introduction

It is usually considered that national or regional energy policies should be developed while based on three pillars: energy security, environmental sustainability and economic competitiveness. This is particularly true for Europe, where each one of these pillars is brought forward by one dedicated institution, respectively the Directorates General for Energy and Transports, for Environment and for Competition. But this is also true for other countries or regions of the world, as the development of sound energy policies is often considered as a series of trade-offs, aiming at the right balance between these supposedly conflicting goals. The key argument of this paper is to demonstrate that these targets may or may not be conflicting, according to the policy hypotheses retained at the global or regional level. In particular the adoption and implementation of strong climate change policies may be considered as the most effective way to enhance energy security through a lower degree of dependence on hydrocarbons.

In order to explore this "energy security and climate policy nexus", we use the POLES world energy model. In line with former energy foresight exercises performed at the European and World level with this model, we propose a set of scenarios based on sets of exogenous hypotheses on economic growth, energy resources, technology performances and climate policies. The POLES model is not a General Equilibrium, but a Partial Equilibrium Model for the energy sector, with a dynamic recursive simulation process. In this paper we propose three scenarios in order to illustrate the consequences of different settings concerning climate policies, whether at global and regional level, on the fundamentals of the energy markets.

These scenarios are currently developed and used in the European SECURE project 1 , on top of the model's Baseline case. The first one is called Muddling Through and illustrates the consequences of low intensity and non-coordinated climate policies in the different world regions. The second one appears as Europe Alone and simulates the consequences of a strong European climate policy in a world that is for the rest not engaged in strong and coordinated policies. Finally, the Global Regime scenario illustrates the consequences of coordinated and ambitious climate policies at world level. The exercise shows that while energy policies in Muddling Through result in emission levels in 2050 that are far in excess of those considered as reasonable in IPCC's AR4, the Global Regime not only helps to constrain climate change in an acceptable range, but also changes the whole picture of the world energy system in the first half of the century: in particular the sustainability in time of the oil and gas production profile is significantly improved. In between, the Europe Alone scenario helps to show that in a world with low policy coordination there might still be strong advantages in pursuing an ambitious regional climate policy as it may considerably limit the vulnerability to events occurring in an otherwise very unstable energy world.

Section 1 of this paper briefly presents the POLES model and the Baseline scenario, which, with absolutely no climate policy, is counter-factual and used only for the benchmarking of the model. Section 2 is dedicated to the presentation of the three archetypal scenarios and to the comparative analysis of their results in terms of emission performances, fundamentals of the energy markets and dependence of the European energy system. Section 3 draws insights on the trade-offs or complementarities among the three pillars of energy policy. Section 4 draws conclusions for the future of research in particular in the framework of the SECURE project.

The POLES model and the Baseline projection to 2050

The Baseline projection provides an image of the energy scene to 2050, as resulting from the continuation of on-going trends and structural changes in the world economy, with no climate policy. In that perspective it is a counterfactual scenario, used for benchmarking.

From the identification of the drivers and constraints in the energy system, the model allows to describe the pathways for energy development, fuel supply, greenhouse gas emissions, international and end-user prices, from today to 2050. The approach combines a high degree of detail in the key components of the energy systems and a strong economic consistency, as all changes in these key components are largely determined by relative price changes at sectoral level. The model identifies 47 regions for the world, with 22 energy demand sectors and about 40 energy technologies -now including generic "very low energy" end-use technologies. Therefore, each scenario can be described as the set of economically consistent transformations of the initial Baseline case that is induced by the introduction of policy constraints.

The POLES model

The POLES model is a partial equilibrium model of the world's energy system that provides a detailed year-by-year projection until 2100, for the different regions of the world. The model simulates the energy demand for each economic sector, the supply and prices for the primary energy sources on the international markets, and the impacts of innovation, experience effects and R&D in renewable energy technologies and major energy conversion systems (electricity or hydrogen-based for the longer term).

This model therefore provides a consistent framework for studying the dynamics between energy and the environment. Projections are made on the basis of exogenous economic growth and demographic projections for each region. It takes into account the resource constraints for both oil and natural gas, and enables the calculation of greenhouse gas emissions from burning fossil fuels and of the marginal cost of reducing emissions in the various countries or regions.

It thus makes possible the simulation of various emission constraint scenarios, and the identification of the consequences of introducing a carbon tax or emission constraint with trading systems. Its main limitation is probably the absence of macro-economic feedbacks, but this allows a robust estimate of the impacts of climate policies on the energy sector only, while the macro impacts are most often taken into account in joint studies with other energy economy model such as GEM-E3 (NTUA, Athens) or IMACLIM (CIRED, Paris). 

The baseline projection and the come-back of coal

The Baseline projection adopts exogenous forecasts for population and economic growth in the different world regions. In order to take into account the current financial and economic crisis the SECURE Baseline has a GDP growth rate in 2009 that is 50 % lower than in the preceding POLES projections, -40% in 2010POLES projections, -40% in , -30% in 2011POLES projections, -40% in , -20% in 2012POLES projections, -40% in and -10% in 2013. This corresponds to a world GDP that is in 2015 more than 5.5% lower than considered in preceding POLES energy outlooks. This might however be considered as still an optimistic view on the capability of recovery of the world economy in the short-medium term. Other hypotheses on world economic growth may be explored in future runs of the model.

The projection is based on consistent assumptions on the availability of fossil energy resources and on the costs and performances of future technologies. In this kind of business as usual scenario, a standard discount rate of 8% is used. Figure 2a and 1b describe the dynamics of the world and European energy system, in the initial settings considered in the Baseline. The key outcome of the Baseline case is a doubling of world energy consumption from 2000 to 2050, with a levelling-off of world oil and gas production after 2030. In spite of a significant development in nuclear energy, biomass and other renewables, which in 2050 represent more than one fourth of world Gross Inland Consumption (GIC), the primary source that most gains in importance is coal, which passes from 2.2 Gtoe to 6.8 Gtoe between 2000 and 2050. As for Europe, the dynamics in GIC is much less pronounced with an increase from 1.7 Gtoe to 2.04 Gtoe between 2000 and 2050. There again one notes a levelling-off of oil and gas consumption, the progress of renewable and the penetration of coal, although with a more modest magnitude that at world level.

The probable unsustainability of the baseline: upstream and downstream constraints

To many respects this scenario is probably not sustainable in the long term. First of all, the level of oil production is high, peaking at slightly less than 100 Mbd in 2030 for conventional oil (Figure 3). This is a high level, which implies a strong increase in cumulative conventional oil production, from 900 Gbl in 2000 to 2 500 Gbl in 2050, i.e. a level that corresponds to the middle of the range of total Ultimate Recoverable Resources estimates for conventional liquids (Figure 4). The consistency of the long run oil projections of the POLES model with the taking into account of available resource limits is indeed based on the possibility of increasing recoverable resources through enhanced recovery rates, which indeed explain the possibility of high cumulative production in 2050. Nevertheless, the implied hypotheses for oil production in the Gulf region seems to be extremely optimistic as it supposes more than a doubling in 2030 and beyond. This increase of oil production to 40 Mbd in the Gulf region is extremely questionable, not only for resource and technical reasons, but also for reasons related to the geopolitical and internal political dimensions of the problems encountered in this region of the world. This is why the smooth path for oil price increases that is associated to this scenario can be considered as a relatively optimistic hypothesis, although it ends at more than 110 €/bl in 2050. The second reason for which the Baseline is not sustainable is connected to the implied CO2 emission level of the energy sector (Figure 5). Emissions indeed double over the period considered, which would place this scenario in the very high range of the IPCC scenarios: a type VI scenario in the Table SPM.5 of AR4 (see Table 1), i.e. a mean temperature increase at equilibrium from 4.9 to 6.1°C. 

Three scenarios for climate policies and their consequences on energy security

Three scenarios (plus a variant) are used in the SECURE study in order to characterize contrasted states of the world from the perspective of the "energy security and climate policy" nexus. They allow illustrating the consequences of contrasted energy policies on the fundamentals of the world energy system.

Scenario definition

The 

Scenario results

Muddling Through (S1)

Even if it doesn't suppose coordinated policies at the international level, the projection of the world energy system in the Muddling Through scenario accounts for a minimum level of domestic climate policies, without however any international coordination. GHG abatement policies are included through a carbon penalty or "carbon value", which is differentiated across the main country categories, i.e. higher in the industrialised than in the developing ones, in order to reflect different levels of commitment:

In Europe an average cross-sector carbon value of 8 €/tCO2 is assumed in 2010. This value increases linearly to 16 €/tCO2 in 2020 and 40 €/tCO2 in 2050. In the rest of world countries a still more modest policy is assumed with a carbon value starting with a lag of ten years in comparison with European countries, starting at 2 €/tCO2 in 2015, ending at 32 €/tCO2 in 2050. 

Source: POLES model, LEPII, SECURE project

The introduction of these domestic policies explains the main results of the scenario, which are characterized by higher energy prices to end-use consumers and consequently lower Gross Inland Consumption and CO 2 emissions at world and EU27 level, as compared to the initial Baseline Case. World and Europe Gross Inland Consumption is respectively 10% and 8% lower in Muddling Through than in the Baseline.

As a consequence the fossil fuel production path is lower than in the Baseline inducing similarly lower international energy price. The oil price for example doesn't exceed 100 €/bl by the end of the projection period. Indeed total conventional and non-conventional liquid production peaks at 100 Mbd in 2030, but due to lower prices and lower stimulus to non-OPEC production, the dependence of world supply towards the Gulf region is still approximately of 50%.

The impact on emissions are already significant, in spite of the relatively low carbon value: world emissions peak in 2030 at a level that is more than one third higher than the 2000 level and then decrease slightly (Figure 7,top). This typically corresponds to a Type IV scenario profile in the AR4 typology (see Table 1). Significant emission reductions can be expected even from relatively low carbon price. This reveals the magnitude of the potentials for low cost mitigation options in the low part of the Marginal Abatement Cost curves. In spite of the significant reductions however, this scenario still corresponds to a strong climate change case, with expected temperature increase at equilibrium of 3.2 to 4°C according to AR4 (Table 1).

As far as Europe is concerned (Figure 7, bottom), emissions are more than 25% lower in 2050 compared to 2000 level. This is a much lower level than world average, but a much higher than the one implied by climate policies in the major European countries, as targets of 60 to 80% reductions compared to 1990 are there commonplace. Source: POLES model, LEPII, SECURE project

Europe Alone (S2)

This scenario aims at studying the impacts on the energy system of a strong climate policy in Europe, in spite a non cooperative international framework, in which climate policies in the rest of the world have a similar intensity as in Muddling Through. In this setting, the carbon value in Europe is about ten times higher than in the rest of the world (Figure 8). 

Source: POLES model, LEPII, SECURE project

In this scenario, world Gross Inland consumption and international energy prices are hardly impacted compared to the preceding scenario, as Europe Alone corresponds to a limited and diminishing fraction of the world energy system, i.e. 9% of total GIC in 2050, against 10% in 2050 in Muddling Through. 

Source: POLES model, LEPII, SECURE project

On the contrary, the European energy system is profoundly altered by the introduction of a high carbon value. Total energy consumption increases only slightly in a first phase, from 1.7 Gtoe in 2000 to 1.8 Gtoe 2020 to 2030 and then again down to 1.7 Gtoe. But the fuel-mix in total supply is quite different: fossil energy sources, which represent in 2000 80% of total GIC are reduced to 55% in 2050. The electricity system also incurs radical changes and is a major contributor to the reductions of carbon emissions in Europe (Figure 10). 

Global climate Regime (S3)

The main feature of this scenario is the introduction of a global cap on emissions. The Carbon Constraint scenario reflects a state of the world with an ambitious climate targets, aiming at an emission profile of Type II in AR4 typology (see Table 1). It allows stabilizing concentrations below 450 CO2 and 500 CO2e and is indeed characterized by a 50% reduction in global emissions.

In the variant of the Global Regime consider here, it is supposed that the abatement programs corresponds to a cost-effective program, resulting from a unique carbon value, as introduced either by a global carbon market or by an international carbon tax. In this framework of hypotheses -50% reduction in global emissions and a world carbon value -the resulting carbon value increases rapidly to 25 €/tCO2 in 2020, 75 in 2030, 200 in 2040 and 300 in 2050.

One can note that the carbon Value that is necessary to induce new trajectories in the world and European energy system is an order of magnitude higher than the value used in Muddling Through. This corresponds to the fact that the Global Regime scenario reveals the need for radical changes in the energy systems. International Prices

Source: POLES model, LEPII, SECURE project

While the European Gross Inland Consumption and fuel-mix is not significantly different from the one simulated in Europe Alone (see above Figure 9), major changes occur in the global energy picture. World enegy consumption is about one fourth inferior to the one projected in the Baseline. As a result the total amount of coal, oil and gas consumed at world level is not significantly different from the one existing in 2000 (Figure 12): coal consumption is comparable, oil consumption lower and gas consumption higher. This leads to the main intermediate conclusion at this stage: climate policies, if they are ambitious and effective will have a significant impact on the demand / s the international level. This new balance of the global energy system will certainly have significant impacts on the international price of coal, oil and gas. A large degree of uncertainty remains on the will and capability of exporting country to maintain some elements of resource rents in front of a reduced world demand. In any case, tensions on the international markets should be expected to be much reduced in a Global Regime type of scenario.

Impacts of the scenarios on Europe's energy security

perspective of Europe's dependence upon the international markets and the corresponding value of energy iles for energy imports and ario of higher consumption, the degree of external ergy

In this section we first analyze the consequences of the different scenarios from the imports. In a second stage we focus on natural gas imports and analyse the profile and sources of these imports on a strategic energy source from a geopolitical perspective.

Europe's energy dependence and value of imports

The four scenarios presented above result in very different prof dependence. For all instances, the Baseline correspond to the scen imports, dependence rate and value of energy imports. While Europe's import dependence rate was of 50% in 2005 and the value of energy imports of 236 G€ in 2005, these figures rise respectively to 54% and 432 G€ in 2030 and 53% and 554 G€ in 2050. The value of imports thus doubles along the projection period. What is more preoccupying is the fact that Europe depends from the international markets for 86% of its oil supply and 73% of its gas supplies, while these two markets might be subject to tensions, price hikes and shocks in the Baseline scenario, which is characterized by a high level of resource mobilization.

The situation already changes in Muddling Through as the introduction of the carbon value, though modest it is clearly modifies both the global picture and en dependence of Europe. The global energy dependence rate is reduced to 48% in 2050 through significant reductions in coal imports, while oil and particularly natural gas imports are much less impacted. The value of total energy imports is limited to 445 G€ in 2050. The Europe Alone scenario presents interesting characteristics, as it is the scenario with st level of energy imports in volume and of dependence rate. This can be easily explained as in this case Europe follows a stringent emission reduction policy, thus introducing strong constraints on fossil fuel consumption, while the rest of the world continues along a line of modest climate policy. In that case the global demand and prices for fossil fuels remain high and this not only limits demand in Europe but also stimulates domestic supply: as a consequence, Europe's imports of oil and gas are lower then in the following scenario, which describes the outcome of a global climate policy, with major consequences on global oil and gas demand but lower international prices. The value of total energy imports is more than halved in the Europe Alone scenario in 2050, compared to the Baseline. One key outcome of that the double dividend of a strong European climate policy in terms of supply security exists even in case of weak global climate coordination; it is even stronger in that case due to this effect of higher prices stimulating domestic production.

Finally, the Global Regime scenario illustrates a fully different world energy system, with lower fossil demand and prices. Europe's energy imports are higher in quantities compared to the Europe Alone case described above. But oil and gas prices are significantly lower and the consequence is that imports in value are at their lowest level: 210 G€, against 554 G€ in the Baseline in 2050.

European gas imports in the different scenario settings

One of the key concerns regarding the long term energy security of Europe is its dependence in terms of gas supply. Natural gas is a key resource with rather favourable environmental characteristics, including in a GHG abatement policy as gas-based electricity has a CO2 content that is on average half of that of coal-based electricity, when no-capture and storage option is considered. Natural gas also brings flexibility and diversification of energy supply at the transformation or end-use level.

Of course the key issue with natural gas supply is that of the transport infrastructures that are highly investment intensive weather for gas pipeline or for LNG facilities at exporting or t. The POLES model allows describe with a relatively level of detail the conditions of supply of the different regions of the world, with an explicit description of the main routes and of their costs. These routes are developed endogenously, as a function of each region's demand, supply and gas market price, of the state of the reserves of the suppliers and of the transports costs, pipelines or LNG chains.

The simulation of very different conditions of international energy markets and European energy system in the four scenarios allows displaying very different profiles for Europe future natural gas supply (Figure 13). 
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European gas imports by country

Source: POLES model, LEPII, SECURE project

In the Baseline as in the Muddling Through scenarios, total Western Europe gas imports (i.e. gas consumption minus supplies from UK, Netherland and Norway) are expected to increas in 2000 with about 400 GM3 in both scenarios.

To a large extent this reduction of total demand weighs on the new suppliers that played an important role in the Baseline as in the Muddling Through scenarios, i.e. Nigeria, Rest of the e significantly over the next decades, from 200 to 450 Gm3 in 2050. This happens, in spite of a total demand that is levelling-off at about 600 Gm3 between 2030 and 2040, but due to the significant reduction in regional domestic production from Norway, UK and Netherland, which decreases by a factor of two between 2000 and 2050, from 240 to 120 Gm3 The Global Regime scenario clearly allows improving the situation from these two perspectives, of reducing both emissions and the level of tension on international hydrocarbon markets, through lower oil and gas production. This is a clear double dividend situation,

probably the most important one to be derived from Ambitious climate policies. Finally, Europe Alone doesn't meet the climate target as the impacts of ambitious policies in Europe are not sufficient to replace massive global emission reductions. However in this scenario setting, ther is still an element that is strongly beneficial for Europe:

-imposing strong emissio the European energy system -while it is supposed in this scenario that other countries adopt a free-riding behaviour and do not trigger such a restructuring, it is probable that tensions on the oil and gas market will remain high, with risk of repeated shocks in the near and long term future; 
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 34 Figure 4: Estimates of conventional oil Ultimate Recoverable Resources (source P.R. Bauquis, 2006)
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  Figure 5: World CO2 emissions from energy, by sector and by region
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  Figure 6: Exogenous Carbon Value and endogenous international energy prices in Muddling Through (S1)
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 7 Figure 7: World (top) and Europe (bottom) GHGs emissions in the Baseline (left) and in Muddling Through (S1) (right)

Figure
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  Figure 9: Europe Gross Inland Consumption and CO2 emissions in Europe Alone
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 10 Figure 10: Europe electricity generation mix and role of Carbon Capture and Storage in Europe Alone
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 11 Figure 11: Carbon Value meeting the emission cap and endogenous international energy prices in Global Regime (S3-full trade)
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 12 Figure 12: World Gross Inland Consumption and CO2 emissions by sector in Global Regime (S3-full trade)

  Figure 13: Europe's natural gas supplies in the four scenariosBaselineMuddling Through

Figure 1: The POLES model simulation process
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Table 1 : IPCC-AR4 Stabilization scenarios
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	Source: IPCC, AR4, SPM

  Muddling Through scenario supposes a failure in the efforts to develop a common framework of targets, rules and mechanisms for climate policies. In that case only weak

	domestic climate policies are implemented without any element of coordination of the different
	actions. This is simulated through a low level of carbon value, i.e. 10$/tCO2 in 2010, 50 $/tCO2
	in 2050. The resulting picture is one of lower emissions than in the Baseline, but total emissions
	are still up of 30% compared to 2000, which corresponds to a Type IV scenario in the AR4
	typology (see Table 2).
	The second scenario, Europe Alone supposes that Europe goes along a stringent
	climate policy line, while the rest of the world continues on the same line than in Muddling
	Through. In that case it is supposed that the carbon value in the rest of the world is unchanged,
	while it is set in Europe at the same level than in the Global Regime + Full Trade scenario
	described below. In brief, Europe follows domestically the same policy as the one it would adopt
	in a unified international climate regime.

Table 2 : 3+1 Scenarios for exploring the energy security -climate policy nexus S1 S2 S3a S3b BL MT EA GR-2B GR-FT Scenario Baseline Muddling Through Europe Alone Global Regime with two bubbles: Annex 1+Non Ann. 1 Global Regime with Full Trade
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			EU: 10 in 2010,	EU: 10 in 2010,	Ann 1: 10 in 2010,	
	Carbon Value ($/tCO2)	0	50 in 2050 RoW: 10 years lag / EU	380 in 2050 Through RoW: as in Muddling	680 in 2050 310 in 2050 Non Ann 1: 5 in 2010,	10 in 2010, 380 in 2050
	World CO2 emissions 2050/2000	+113%	+36%	+30%	World: -50% Annex 1: -80%	-50%
	AR4 Scenario Profile	Type VI > 850 CO2e	Type IV > 600 CO2e	Type IV > 600 CO2e	Type II > 500 CO2e	Type II > 500 CO2e
	Source: SECURE project				
	The two Global Regime scenarios correspond to a concentration stabilization profile
	below 450 ppmv CO2 only, 500 ppmv CO2eq. This is simulated through a world emission
	profile that ends up at 50% of 2000 CO2 emissions in 2050. In compliance to this global profile,
	two variants have been considered. In the S3a scenario the reductions in Annex I countries are
	set at 80% and reductions in the non-Annex I countries are determined as a residual. It
	corresponds to a case in which Annex 1 country adopt a strong target and do not use flexibility
	mechanisms to comply to this target, leaving room for some emission increases in Non Annex 1

regions. In the S3b scenario, the same world emission profile is obtained while considering a world carbon price obtained either by a world carbon tax or a full trade in emission quotas on a global carbon market. This last scenario indeed corresponds to a least-cost abatement program at world level.

Table 3 : Profiles for Europe energy imports and dependence
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	Baseline									
	Baseline Results -EU27		1990	2000	2005	2010	2020	2030	2040	2050
	GIC (Mtoe)		1531	1725	1822	1764	1882	2003	2039	2050
	Imports (Mtoe)	Coal, lignite	-72	-94	-107	-102	-130	-192	-247	-286
		Oil	-464	-505	-557	-532	-560	-564	-510	-439
		Natural gas	-112	-180	-250	-217	-271	-335	-362	-355
	Dependance rate	Coal, lignite	17%	30%	35%	33%	39%	48%	53%	56%
		Oil	79%	76%	82%	81%	84%	87%	87%	86%
		Natural gas	45%	46%	56%	51%	57%	64%	70%	73%
		Total	42%	45%	50%	48%	51%	54%	55%	53%
	International prices (€05/boe)	Coal	11,8	7,2	10,9	11,8	13,0	14,1	15,2	16,4
		Oil	24,9	25,9	44,2	52,0	61,1	75,4	91,2	111,7
		Gas	14,0	18,3	25,8	32,4	34,6	41,2	49,2	61,6
	Value of imports (G€05)	Coal, lignite	6,2	4,9	8,6	8,8	12,4	19,9	27,6	34,3
		Oil	84,5	96,1	180,4	203,0	250,8	311,4	341,0	359,6
		Natural gas	11,5	24,1	47,3	51,6	68,8	101,1	130,5	160,1
		Total	102,3	125,1	236,3	263,4	332,0	432,3	499,0	554,0
	Muddling through									
	Sc. 1 Results -EU27		1990	2000	2005	2010	2020	2030	2040	2050
	GIC (Mtoe)		1531	1725	1822	1758	1822	1921	1929	1899
	Imports (Mtoe)	Coal, lignite	-72	-94	-107	-95	-98	-149	-182	-190
		Oil	-464	-505	-557	-533	-542	-536	-474	-399
		Natural gas	-112	-180	-250	-221	-276	-328	-336	-323
	Dependance rate	Coal, lignite	17%	30%	35%	32%	36%	46%	51%	53%
		Oil	79%	76%	82%	81%	83%	86%	86%	85%
		Natural gas	45%	46%	56%	52%	58%	64%	69%	72%
		Total	42%	45%	50%	48%	50%	53%	51%	48%
	International prices (€05/boe)	Coal	11,8	7,2	10,9	11,8	12,8	13,6	14,6	15,5
		Oil	24,9	25,9	44,2	52,0	60,6	72,0	84,6	98,8
		Gas	14,0	18,3	25,8	32,5	34,7	39,7	46,4	56,9
	Value of imports (G€05)	Coal, lignite	6,2	4,9	8,6	8,2	9,2	14,9	19,5	21,7
		Oil	84,5	96,1	180,4	203,3	240,8	282,9	293,9	288,8
		Natural gas	11,5	24,1	47,3	52,6	70,1	95,4	114,2	134,7
		Total	102,3	125,1	236,3	264,1	320,1	393,3	427,6	445,2
	Europe Alone									
	Sc. 2 Results -EU27		1990	2000	2005	2010	2020	2030	2040	2050
	GIC (Mtoe)		1531	1725	1822	1760	1803	1806	1708	1663
	Imports (Mtoe)	Coal, lignite	-72	-94	-107	-97	-86	-119	-143	-138
		Oil	-464	-505	-557	-533	-533	-474	-338	-239
		Natural gas	-112	-180	-250	-220	-278	-291	-238	-189
	Dependance rate	Coal, lignite	17%	30%	35%	33%	34%	44%	49%	51%
		Oil	79%	76%	82%	81%	83%	85%	82%	78%
		Natural gas	45%	46%	56%	52%	58%	62%	61%	59%
		Total	42%	45%	50%	48%	50%	49%	42%	34%
	International prices (€05/boe)	Coal	11,8	7,2	10,9	11,8	12,8	13,6	14,5	15,5
		Oil	24,9	25,9	44,2	52,0	60,4	71,0	82,6	95,8
		Gas	14,0	18,3	25,8	32,5	34,8	39,3	45,5	55,5
	Value of imports (G€05)	Coal, lignite	6,2	4,9	8,6	8,3	8,1	11,9	15,2	15,6
		Oil	84,5	96,1	180,4	203,2	235,9	246,6	204,5	168,0
		Natural gas	11,5	24,1	47,3	52,4	70,7	83,7	79,2	77,0
		Total	102,3	125,1	236,3	264,0	314,8	342,2	299,0	260,7
	Global Regime									
	Sc. 3b Results -EU27		1990	2000	2005	2010	2020	2030	2040	2050
	GIC (Mtoe)		1531	1725	1822	1759	1798	1804	1710	1667
	Imports (Mtoe)	Coal, lignite	-72	-94	-107	-96	-86	-118	-136	-125
		Oil	-464	-505	-557	-533	-533	-486	-369	-281
		Natural gas	-112	-180	-250	-220	-276	-301	-263	-231
	Dependance rate	Coal, lignite	17%	30%	35%	33%	34%	44%	49%	50%
		Oil	79%	76%	82%	81%	83%	86%	87%	87%
		Natural gas	45%	46%	56%	51%	58%	63%	67%	69%
		Total	42%	45%	50%	48%	50%	50%	45%	38%
	International prices (€05/boe)	Coal	11,8	7,6	11,6	12,5	13,0	13,9	15,0	15,9
		Oil	24,9	32,8	55,8	65,9	72,5	75,3	65,8	64,8
		Gas	14,0	19,5	27,4	34,6	35,5	36,1	35,3	36,7
	Value of imports (G€05)	Coal, lignite	6,2	5,3	9,1	8,8	8,2	12,1	14,9	14,5
		Oil	84,5	121,4	228,0	257,2	283,1	268,3	178,2	133,6
		Natural gas	11,5	25,7	50,3	55,8	71,8	79,7	68,1	62,3
		Total	102,3	152,4	287,5	321,8	363,1	360,1	261,1	210,4

Source: POLES model, LEPII, SECURE project

  Community of Independent States and Other. Imports from Russia still represent about 200As a matter of conclusion for this analysis of long term natural gas supply of Europe, one has indeed to emphasise the fact that the volume of Russian exports to Europe appear to be extremely stable in the different scenarios, at least until 2040, when they reach a level of about 200 GM3 in the four cases. Only after that date do the results differ significantly, with exports that are of 30 to 40% higher in Baseline and in Muddling Through than in Europe Alone

	GM3 in 2050 in both scenarios.
	and Global Regime.
	5.	Conclusions
		. While
	supply from Russia increases from 120 Gm3 to 260-280 Gm3 in these two scenarios, as well as
	supply from Nigeria, Rest of the Community of Independent States (mostly Kazakhstan) and
	Other regions (mostly Iran).
		The picture is quite different in the Europe Alone and Global Regime cases: due to the
	carbon constraint, total gas demand of Western Europe is much lower after 2020 than in the two
	preceding cases; in 2050 it is even lower than

mission's FP7 research program allow illustrating the complex interactions of climate policies and energy security issues. They show in particular that the Baseline doesn't represent a sustainable energy future, because of the double constraint that is imposed, upstream by the limitations in oil and gas availability and downstream, by the limited storage capacity of the atmosphere for GHGs. The Muddling Through scenario illustrate the fact that non-coordinated climate policies, with relatively weak signals in terms of carbon price, already change significantly the level of emissions through reduced demand, accelerated development of non fossil energy and Carbon Capture and Storage. However, this scenario doesn't succeed in meeting the emission targets that are considered as desirable in IPCC AR2 in order to limit average temperature increase at level of 2°C compared to pre-industrial situation. This scenario neither significantly alters the ternational energy markets, although it alleviates n reduction domestically results in a thorough restructuring of The scenario exercises developed in the SECURE project of the Com balance of demand nor supply on the in somehow the potential tensions.
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-in that case, Europe will be largely protected from these external shocks by lower energy demand, higher contribution of domestic non-fossil fuels (renewable and nuclear) and a much lower of fossil fuel imports.

Would this reward of ambitious climate policies fully compensate for the extra costs of the energy system restructuring? This question remains today open, future developments in the SECURE project may help to better appreciate the magnitude of the risk avoided through virtuous climate policy in a non-cooperative international context.

ANNEX B: EU27 Summary Energy Balances

(Baseline + 3 SECURE Scenarios)