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Summary: Because it is renewable, environment-friendly and better distributed on a worldwide scale, renewable energy (RNE) is an excellent means to meet the world energy challenge, i.e. guarantee the development of southern countries without damaging the environment.  Better adapted to the profile of island territories and their local needs, renewable energy sources are also a perfect tool for overseas territories (DOM-TOM) to reduce energy dependency, preserve their environment and guarantee sustainable development.  In Reunion Island, RNE benefits from strong political and very favourable financial and institutional support—which has made the Reunion Regional Council a trailblazer at national level for thermal and photovoltaic energy development.  However, renewable energy is no panacea as it suffers from a certain number of weaknesses: to this day, it is expensive, not very competitive and intermittent; its output is low; and it is not always available according to demand.  This explains why the aim of renewable energy is not to replace fossil fuels completely.  Both energy types complement each other in the regional energy mix.
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By nature capable of better reconciling energy, environment and economic development requirements, renewable energy resources are expected to know a large-scale development over the course of the 21st century.  Interest in renewables has other explanations as well.  The present world energy crisis and the threat that fossil fuels may run out relatively fast make the interest in renewables stronger as they are considered endless, at least on a human scale.

Renewables are particularly important for island territories, which are forced to rely more on their own local energy resources, as they cannot be connected to an external grid; in addition, local renewable energy sources intrinsically lend themselves better to decentralized and isolated production in these narrow territories.

In light of its geographical and meteorological conditions, in addition to its abundant reserve of renewable energy sources, Reunion Island, like other overseas territories, is ideal for the promotion and exploitation of said renewables.  Deprived of fossil fuels (oil, gas and coal), currently confronted with an ever-increasing demand for energy, a rise in the prices of imported hydrocarbons and the effects of climate change, Reunion is making the implementation of renewable energy (RNE) a priority in order to provide a sustainable answer to a problematic energy situation.

As of the year 2000, the Reunion Regional Council set up and implemented the Regional Programme for Renewable Energy and Rational Energy Use (PRERURE).  Giving priority to the curbing of energy consumption and the development of renewable energy, Reunion aims at energy self-sufficiency by 2025.

Despite the intrinsic advantages of RNE (being inexhaustible, diversified, non or little polluting, versatile, and better adapted to decentralized production and local needs), RNE development remains limited, as evidenced by its minor role in national and regional energy production—due without a doubt to its being expensive, not very competitive, intermittent, with low output, scattered, and not always capable of meeting demand.

In this context, a certain number of questions arise: do renewables have the potential to enable Reunion to reach self-sufficiency by 2025, as claimed by the Regional Council?  If not, what obstacles prevent their development?  What measures must local authorities implement in order to achieve self-sufficiency through RNE?  We shall begin by assessing the real potential of renewables and by examining what has been achieved thus far.  We will then study the current distribution of energy production and its historical evolution.  Finally, we will explore the obstacles which hinder the development and extension of RNE.

I.  The State of Development and General Potential of RNE in Reunion

I.1.  Reunion’s Ecosystem is Rich in Renewable Energy Sources

Since the concept of sustainable development was adopted by the Rio Conference in 1992, the renewable energy sector has received considerable attention, and more so every year.  Renewable energy—the oldest used by men—comes from natural elements (earth, water, air and fire, including the sun), and its implementation in no way depletes the source.  The island’s ecosystem, more than that of any other Indian Ocean island, provides a large and diversified pool of renewable energies.

Of volcanic origin, Reunion is 70 km long, 50 km wide and 3,069 m high at its culminating point.  It has a mountainous and rugged relief and its annual rainfall ranks among the highest in the world, which explains the significance of the island’s hydraulic source. It also benefits from the anticyclone of the Mascarenes, the permanent centre of which is located in the south-east of the island.  The wind pattern is characterized by an east-south-east to south-east trade wind period which lasts from May to September (the winter of the Southern Hemisphere).  These conditions are favourable to the setting up of wind farms.

Reunion has an active and harmless volcano, the Piton de la Fournaise, and a thermal site in the Cirque of Cilaos—and formerly in the Cirque of Salazie as well—thus indicating that it is possible to harness geothermal potential.  The Reunion Regional Council is currently exploring the likely existence of a substantial underground geothermal field.

As the island benefits from a tropical climate, the Sun is clearly another significant source of energy.  The average sunshine period is generally longer and better distributed throughout the year than in mainland France.  Lastly, despite the imposing nature of its relief, characterized by the enclosed cirques and hostile cliffs, the island still offers a vast expanse of sugar cane fields, a plant that provides biomass, a substantial source of energy.

All in all, the strong potential of the forests and arable land, the multiplicity of endemic vegetation, the considerable force of fire, wind and water, and the tropical climate make Reunion’s ecosystem a natural environment extremely suitable for renewable energy resources.

I.2 A Significant but Not Fully Established Resource Potential

The most currently employed sources of renewable energy are hydraulic, thermal and photovoltaic solar power, wind, and geothermal and biomass energy.

1- Hydraulic Energy: The oldest and most used of all renewable energies, it has the advantage of being powerful but has already been harnessed to its maximum potential on the island. Almost all sites are fully equipped and working at their full capacity of 110 MW.  Very little potential is left to be developed, except perhaps for micro-hydraulics.  The Takamaka, Langevin, Bras de la Plaine and Rivière de l’Est hydraulic power plants were sufficient to ensure 100% of the island’s electricity needs in 1981.  However, this did not last long.  As of 1987, the hydraulic portion of the energy supply began to decline until, by 2005, it was able to meet no more than 22.4% of the island’s electricity needs (510 GWh).  In addition, it is highly dependent on rainfall and can vary considerably between the cyclonic and dry seasons, putting the island’s supply of fresh water in jeopardy.

2- Solar energy: Reunion enjoys generous periods of sunshine although they are unevenly distributed from one area to another.  The island’s solar potential is highly significant.  Yet it has not been fully exploited so far despite the expansion of the solar water-heater (SWH) market.  Solar energy is used for water heating and energy production via photovoltaic (PV) cells.

a. Thermal Solar Energy can be used to heat liquids or solids.  The most commonly used system is the solar water heater, which catches light energy to produce sanitary hot water in collective or individual housing units.  This energy source can also be used for swimming pool heating or air-conditioning.  In Reunion, solar water heaters are widely used.  On average, 10,000 SWHs are installed every year, which saves about 25 GWh.  According to Reunion’s Energy Observatory (OER), there are some 60,000 individual solar water heaters already installed on the island, with an overall panel surface amounting to more than 260,000 sq metres, making Reunion a pioneer on a national scale.  This corresponds to a thermal production of 170 GWh or 15 ktoe.

b. Photovoltaic Solar Energy
Photovoltaic energy is widely used to provide electric power to areas that are isolated from the general power grid, such as the Cirque of Mafate.  In 2005, 332 isolated sites were equipped (of which 244 located in Mafate) producing a total power of 264 kWc.  There are also 240 photovoltaic solar energy production sites connected to the general grid—which is apparently well below the island’s potential.  Today, Reunion intends to substantially increase the number of grid-connected PV installations as evidenced by the installation of the largest French photovoltaic farm in 2006, the Saprim farm in Le Port, and the increase in the price paid by EDF (French Electricity Board) to €0.40 a kilowatt-hour.  The buying price in mainland France is only €0.30.  It should also be remembered that the Standing Committee of the Reunion Regional Council asked for a purchasing price of €0.60 a kilowatt-hour in its deliberation on February 7, 2006.

Located on the roof of the Saprim central buying office, this farm has a surface of 10,000 m2, with an annual capacity estimated at over 1.3 MW.  This facility is expected to provide 30 jobs in 2007 and 40 in 2008.  The installation of this farm cost €5.5m; with the present buying price, it shall be paid off within less than ten years.  In line with the PRERURE plan, the Reunion Regional Council has set itself a target: to implement an additional 5 to 6 MWc of photovoltaic power each year.  Whether in terms of thermal or photovoltaic energy, Reunion is currently well ahead compared to other French regions.

It must be noted that production from photovoltaic panels stops at night and varies according to latitude and cloud cover.  Thermal solar energy is subject to the same constraints, but to a lesser extent, as thermal energy storage is simpler.  Locally, this source of energy also suffers from high cost for grid-connected PV, low output for non-connected PV and the fact that solar projects are difficult to finance.

3- Wind Power

Wind is one of the world’s most abundant resources and Reunion stands to benefit largely from it, notably with the trade winds blowing from south-east to north-west.  Reunion’s initiatives in this field have not been very conclusive so far, as the first two attempts (Sainte-Marie and Saint-Joseph) have failed.  A general study of local wind power potential has identified three sites for wind farm installation: Saint-André, Sainte-Rose and Saint-Joseph.  At present, only the La Perrière farm in Sainte-Suzanne, inaugurated on November 8, 2006, is in operation.  With 14 wind turbines, its power is estimated at 6.2 MWc, enough to supply a population of 12,500.  The Reunion Regional Council intends to install 60 MW by 2025, as provided by the PRERURE plan.

The farm in Saint-Joseph is no longer in operation because it was set up too close to a residential area.  The one in Sainte-Marie has already been dismantled because the wind turbines had not been ideally located.  This energy source is generally criticized for its inconsistency due to varying wind speed.  On a local level, this sector suffers from a certain number of drawbacks:

- Visual and noise pollution caused by wind turbines;

- Lack of optimal natural conditions in Reunion (limited space, cyclones and tropical storms, and wind irregularity).

4- Biomass

Given its tropical climate and the mineral richness of its soil, Reunion has a large and significant biomass potential.  Several types of biomass resources can be found on the island: bagasse, domestic waste, cattle breeding effluents, green waste, water treatment plants, wood and vegetation.  Apart from bagasse, no other type of biomass use has been developed on the island.  Reunion has become a model for the recovery of bagasse, a fibrous residue from sugar cane mills.  The Le Gol and Bois Rouge private thermal power stations use this residue to produce electricity (11.5% of the island’s electricity in 2005, or 261 GWh).  However, this mode of production is already limited due to the fact that sugar cane fields are relatively scattered and small.  Also the cultivation of sugar cane may decrease as a result of the scheduled end of European subsidies allocated for this crop.

5- Geothermal Power
Geothermal energy is renewable and cannot be criticized for being intermittent as production is continuous.  The island could well have a huge potential in this domain. A geothermal energy project is already part of the Regional Council’s policy for the development of renewable energy on the island.  As is the case for oil, the search for a geothermal source is time-consuming, expensive and uncertain insofar as results are not always guaranteed.  However, the exploration stage of the island’s geothermal potential is now completed and the south-east side of Piton Chisny, in the massif of La Fournaise, has been identified as the most promising location for the discovery of a geothermal pool.  Drilling is currently under way.

II. Reunion Has Very Favourable Political, Institutional and Financial Conditions for Renewable Energy

II.1. An Advantageous Institutional Framework

At the European, national and regional levels, public authorities have strongly promoted renewable energy sources for the last ten years.  The European Union supports renewable energy development and conservative energy use through its research programmes (Alterner Programme, etc.) and structural funds (European Regional Development Fund or ERDF).

The French Government enforces the RNE European directive in the French territory through several legislative measures:

· The act of February 10, 2000 for the modernization and development of the public electricity service requires the network manager to implement a Multi-annual Investment Plan (PPI) under State supervision.

· The Land Development Framework Act February 4, 1995 (LOADT or Voynet Act) aims at facilitating and promoting the contribution of local authorities to national energy policy and sustainable land development by determining how they can foster conservative energy management and the production and use of renewable energy.

· The Pons then Paul Tax Exemption Acts have benefited companies working in the renewable energy sector and favoured the taking-off of the SWH market in Reunion.

· The Overseas Programme Act December 13, 2000 vests the Reunion Regional Council with the competence to plan exploration and exploitation of renewable energy sources and rational energy use.

· The Programme Act No 2005-781 July 13, 2005 sets the guidelines for the French energy policy in the years to come.  It aims at dividing CO2 emissions fourfold by 2050 and meeting 10% of energy needs and 21% of electricity production from renewable energy sources by 2010.

II.2. Undeniable Political Resolve

In Reunion, the election of Paul Vergès as President of the Regional Council in 1998 and the new Overseas Programme Act strongly contributed to making renewable energy development a priority among Regional Council policies.  At the political level, Paul Vergès delivered a speech on Reunion’s self-sufficiency in terms of non-polluting and renewable energy at the United Nations and UNESCO.  And on a concrete level, geothermal and wind power exploration programmes were reactivated, the Reunion Island Regional Energy Agency (ARER) was set up and the Regional Programme for Renewable Energy and Rational Energy Use (PRERURE) implemented.

This plan has three main objectives:

· To encourage renewable energy development and rationalize energy consumption in Reunion in order to reach energy self-sufficiency in electricity by 2025 (see Table 1);

· To reduce greenhouse gas emission in the island;

· To develop local employment through the creation of new activity sectors.

Two ways to achieve that:

· To foster a determinate power efficiency policy aimed at curbing the current growth of energy consumption;

· To give priority to renewable energy (to the detriment of fossil fuel) in new electricity production projects.

Table 1. Installed capacity in 2000 and additional capacity in 2025 (MW)

	
	2000
	2025 Additional Capacity without PRERURE
	2025 Additional Capacity with PRERURE

	Wind
	
	50
	100

	Photovoltaic
	
	8
	100

	Hydraulic
	110
	20
	60

	Micro Hydraulic
	
	10
	20

	Bagasse
	115
	0
	10

	Biogas
	
	1
	8

	Wood Energy
	
	0
	21

	Molasses vinasses
	
	0
	13

	Waste Incineration
	
	10
	20

	Geothermal
	
	0
	20

	Total RNE capacity
	225
	100
	370


Source: PRERURE

II.3. Undeniable financial support

The cost of PRERURE implementation for the 2002-2025 period amounts to about one billion euros.  The share of public financing (from the Regional Council, Environment and Energy Management Agency (ADEME), EDF, French Government, European Union and other authorities or public institutions) has been estimated at roughly 40% of investments (see Table 2).

Table 2. Total Cost of PRERURE in €m
	
	Total Investment

(in €m)
	Cost for Local Authorities

(in €m)
	Capacity

(in MW)

	RNE Programme Cost
	700
	280
	370

	Cost of MDE (Energy Management)
	180
	72
	

	Cost of Fossil Programme (included in PRERURE*)
	120
	48
	90


Source: PRERURE.  * Cost of investment in classic thermal equipment to bridge the demand-supply gap.

The Sainte-Suzanne wind farm, inaugurated on November 8, 2006, is another example of the strong commitment of public authorities to the financing of renewable energy projects (Figure 1).
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It must be noticed that tax exemption for production investments (as introduced by the Pons Act and modified by the Paul Act) is one of the main driving forces behind renewable energy development in Reunion Island.  The example of the Saint-Suzanne wind farm shows that the financing of renewable energy projects is generally quadripartite.  A building company brings part of the investment funds while benefiting from up to 30% tax exemption.  Private financing is complemented by European structural funds and national government funds.

III. Reunion’s Energy Dynamics

We have seen that nature has endowed Reunion with a natural heritage extremely rich in renewable energy resources, and that the latter benefit from strong institutional and financial support and clearly-stated political will.  Four years after the plan was implemented, it will be interesting to see whether it has started to produce the expected effects.

III.1. Primary Energy Profile
Primary energy is raw energy (oil, gas, coal, nuclear, water, wood, etc.). It must be transformed before being used. Final energy is the one provided to the consumer (petrol, electricity, etc.).  Primary energy consumption shows a country’s energy dependence level, while final energy consumption reveals the penetration rate of one energy type for a specific use.

a. Short Term Results:  Reunion’s total primary energy demand (PEC) was 1,044.5 ktoe in 2005, excluding jet fuel (153.5 ktoe). 15% (or 153.5 ktoe) of this internal demand was met by local energy resources (hydraulic, bagasse, thermal solar energy), and the remaining 85% by imported fossil fuel (see Figure 2).  Jet fuel used for air travel to and from mainland France must be counted separately to avoid distortions.

Primary energy balance shows that the share of renewables is extremely small and that imported fossil fuels (oil products and coal) are predominant.  It also indicates that Reunion is currently strongly dependent on imported energy.
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b. Long Term Results: Primary energy demand has risen steeply and the island’s energy self-sufficiency has clearly decreased.  In the last 25 years, Reunion’s energy profile has changed dramatically (see Figure 3).  While the island’s primary energy consumption was not more than 340 ktoe in 1981, it reached 1,044 ktoe in 2005—a rise of over 200%.  The island’s population growth, ballooning number of vehicles, fast increase of housing units and office space, rising purchasing power and access to household comfort are the main driving forces behind such energy growth.

It can be noted that the increase in the island’s primary energy consumption was not met with a parallel rise in local energy production, whose level has remained the same in 25 years (154 ktoe in 2005 compared to 147 ktoe in 1981).  The wide gap between the rise in the island’s primary energy consumption and its energy production has increased its dependency on foreign energy.  In 25 years, the contribution of renewable energy to the island’s primary energy balance dropped from 50% in 1981 to 15% in 2005, and the increase of energy needs was almost totally covered by imported fossil fuels.
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If we consider the impact of PRERURE (implemented in 2002) on primary energy consumption, we can note that to date there has been no reversal in the trend.  On the contrary, consumption has risen steeply and the island’s dependency has even worsened, from 81% in 2002 to 85% in 2005.  The rise in energy consumption
 is mainly responsible for that.

III.2. The Dynamics of Reunion’s Power System

a. Short Term Results: The island’s electricity production delivered to the network was 2,270 GWh in 2005 (Figure 5).  66% of this power comes from fossil primary energy (oil and coal) compared with 34% from renewables.  It should be noted that electricity production from hydraulics and bagasse is prone to variation according to rainfall and the quantity of bagasse used.
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b. Long Term Results: The island’s electricity consumption increased drastically between 1981 and 2005.  With a fast and steady growth rate of 5 to 7% a year, production soared from 390 GWh in 1981 to 2,270 GWh in 2005 (Table 5).  This rise reflects the explosion of energy needs due to high economic and population growth, sudden rise in the standard of living (lighting, TVs and fridges, hi-fi, washing-machines, air-conditioning, etc.) and the development of social and cultural amenities and public and market services (especially supermarkets).

What conclusion can be drawn from this remarkable conjunction of elements clearly favouring the promotion of renewable energy?
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IV. Stimulating RNE Development in Reunion is Not Easy

As a tropical island, Reunion is a particularly good example for assessing how interesting—and limited—renewables can be in providing energy for an insular territory.  In many respects, conditions in Reunion are particularly favourable for the development of renewable energy.  What conclusion can be drawn from this?

The analysis of the contribution that various renewable energy sources have to power production in Reunion shows that apart from hydraulics and biomass, the share of other sources is marginal.  In 2005, hydraulics and biomass represented 22% and 12% respectively. Other renewables (photovoltaic and wind power) hardly contribute to 1% of total production.  The implementation of PRERURE obviously did not end or even manage to slow down the decrease of the share of renewables in the island’s power production: between 2000 and 2005, it fell from 47% to 34%.  In this context, what prevents the large-scale development of renewables in Reunion?  Two series of factors can identified: the intrinsic drawbacks of renewables and the specific problems of Reunion’s environment.

a. The Drawbacks of Renewables:

· With current technologies, RNE is still expensive and not very competitive.  Investment costs for renewable energy and energy control are still high in Reunion; this slows down their development in the tertiary and industrial sector.  Besides, the islanders have a relatively weak purchasing power and often prefer to pay running rather than investment costs; this hampers the development of renewable energy in private housing.

· Intermittence and low power of RNE.  The production of some renewables depends on resource availability and regularity—not always guaranteed in Reunion Island as shown by rainfall level, wind speed or cloud layer variation.  Moreover, photovoltaic power is generally low and even insufficient in isolated sites.

· Negative impacts on local environment: the introduction of certain techniques generates some nuisance; RNE equipment requires a lot of space, and some installations like wind turbines cause visual and noise pollution.

b. Specific Obstacles in the Local Reunion Context:

Among the local obstacles slowing down renewable energy development, one can mention the following (for more detail see N. Picou and C. Henry, 2001):

· Exceptionally fast and steady growth of energy and electricity consumption in Reunion.  Renewable energy alone cannot satisfy the total rise in energy needs.

· Limited space: available space to set up new energy production units, whatever their nature, is limited in the first place by the demand for real estate caused by population growth and also as a result of Reunion’s physical relief (some areas are difficult to access or completely inaccessible).

· Nature and climate hazards: cyclones (a real problem for wind turbines), the volcano, tsunamis, floods, etc.

· The population is not always adequately informed about certain issues: the real energy situation on the island; technical and economic realities of RNE and energy control; and the actual potential of renewable resources and energy saving.

· Lack of full consensus among Reunion’s decision-makers on the necessity to give priority to renewable energy development on the island.

· Organizing RNE and energy control projects is difficult for the following reasons:

· Long and difficult administrative procedures;

· Public services and authorities lack competence and personnel for administrative follow-up and support to project managers;

· Project managers have difficulty understanding the aid system set up by the Environment and Energy Management Agency (ADEME), the Reunion Regional Council, the French Electricity Board (EDF) and the EU;

· There is no fixed purchasing price for all renewables;

· Legal environmental constraints concerning listed installations, impact studies, river classification, etc. do not facilitate the emergence of projects.

c.  Problems Relating to Spatial Equalization of Electricity Price
In addition to the above-mentioned local handicaps hindering the large-scale development of renewables in Reunion, spatial equalization of electricity price (whereby the price of the kWh is the same everywhere on French national territory) does not favour renewable energy: if the equalization system did not exist, certain renewable sources would be economically competitive.

Electricity is considered a public service and it is stressed again in the Act of February 2000 that kWh price should be the same for the whole French population whatever their location on the territory.  In concrete terms, this means that a consumer should not be penalized just for living in a remote area or an overseas department.  If the principle of spatial equalization of the fares was reaffirmed, this does not rule out the fact that prices can vary according to the time of day or the period of the year, hence a time and season differentiation of electricity prices, with “off-peak” and “peak” rates: the price of electricity can vary significantly in relation to grid access time.  The equity principle guarantees that all consumers placed in the same time conditions will pay an identical price, while consumers in different time conditions pay different prices.  The price of power produced during peak hours, when the last power station used charges more, is not the same as that of power produced during off-peak hours, when a fringe station benefits from low variable cost.  Time de-equalization is thus compatible with the respect of the equity principle.  Spatial de-equalization would amount to charging consumers more for power if they live far from production sites because distribution costs are consequently higher.  Similarly, overseas consumers would have to pay for power on the basis of local production costs, which are obviously higher than in mainland France as interconnection with the national grid is impossible.  Legislators wisely considered that consumers living in the country or overseas should not be penalized.  As a result, electricity prices in Reunion are approximately the same as in mainland France.  Power production cost in Reunion is noticeably higher than the price billed to local consumers (between two and four times on average).  The deficit is covered by a subsidy financed through the CSPE (Contribution to the Electricity Public Service) paid by all French consumers.  This amounts to mainland France consumers subsidizing overseas consumers for an estimated €150m a year, each EDF customer in Reunion “receiving” about €500 and each French EDF customer contributing €5.  This mechanism, if justified in theory, can nevertheless have pernicious effects since it encourages electricity producers to invest in oil or coal power stations, while a policy of “true prices” should induce them to opt for solar or wind power stations.  Subsidizing wind or solar energy is therefore justified (guaranteed purchase price logic) since the consumer does not pay the real price of oil- or coal-produced power anyway.

In short, given the intrinsic characteristics of renewables and Reunion’s geographical, climatic and demographic conditions, renewable energy can hardly be expected to meet 100% of the island’s needs.  At best, only a larger contribution of renewables to the Reunion energy system can be envisaged, as in some cases—like industrial and large city supply—power needs cannot be fully met with wind or solar power stations: those cannot replace classic thermal power stations because their capacity and production regularity are insufficient.  In the solar thermal domain, individual SWHs are very often coupled with an electric back-up system and are used basically to save energy; the same can be said of PV installations.  All things considered, renewable energy is not used to replace classic energy completely, but as a complement to reduce Reunion’s energy imbalance.

Energy self-sufficiency is an ambitious target, and technological progress is necessary if the problem of intermittence is to be addressed and imported oil products replaced with biofuels by 2025.  As for electricity production, it is likely that it will still depend on imported products to some extent at that time.

V. The Tools of Energy Policy

The will to promote renewables with a view to reaching energy autonomy raises the following question: What measures should be privileged by public authorities?  Is it better to favour the system of guaranteed purchase prices, as is the case today with wind and photovoltaic power, to resort to tender, or to use the “Green Certificate” system like in other European countries?  Tenders have not produced very good results (relative failure of the EOLE Plan in France).  The Green Certificate system is used in Great Britain and seems to be working well.  Its principle is as follows: electricity providers are under the obligation to sell a minimum of green electricity; they can either produce it themselves or buy certificates from operators who have produced green electricity without having to do so and, in return, received a certificate testifying that they did produce such electricity.  In theory, this encourages the more efficient operators to produce green electricity.  The guaranteed prices system used in several European countries including France and Germany also seems to have brought good results, and it is undoubtedly more efficient than the tender system.  Actually the three systems can be used simultaneously: for instance the French Government has resorted to tender as a complementary solution for certain offshore green electricity projects in mainland France.

The issue is more complex in the automotive transport sector: how can people use their cars less if no other means (public transport) are available?  Is it better to focus on technological progress destined to reduce vehicle consumption or choose a city congestion charge system like in Singapore, London, Oslo or Stockholm?

In the housing and service sector, the “White Certificate” (energy saving certificate) system, which is being implemented in France, seems promising, as this is expected to create a significant potential of diffuse savings.  Energy providers are obliged to achieve energy savings in buildings and can encourage their customers to do so; savings will entitle to certificates that will be negotiable on a market.  It is clear that energy saving programmes, in particular for electricity, should be given priority in a region where each kWh produced is sold at a loss or at a price which does not cover all the costs borne by the community.  In other sectors, several types of measures must be combined and adapted according to behaviours and their evolution.

The debate on whether it is better to resort to taxation or market CO2 emission permits to combat pollution and global warming is also reopened.  The system currently chosen by the EU is that of market tradable CO2 permits. Each European country requests a permit quota from Brussels (NQAP); permits are then distributed among main polluters, who can sell their unused permits and have to buy unused permits from other operators if their pollution level exceeds the granted quota.  This is an incentive for operators to be efficient since they earn money if they do not use all their permits and lose money when they have to buy some.  The problem today is that quotas have been granted in a very lax way in a context of slow growth, so that the price for a ton of CO2 fell to less than €2 in 2007 compared to €30 in 2006.  Hence the idea that this system should be reinforced by means of an additional tax.  A general tax on polluting emissions (TGAP) already exists in France, but some think that a specific tax on CO2 would be useful to toughen the fight against global warming.

A sketch will help to understand that guaranteed purchase prices for wind electricity can be beneficial at a collective level.  Let us assume that the selling price for power (kWh) is set at p1 (uniform price on the whole French territory as a result of spatial equalization) and that power consumption considered here equals Oq**.  At this price, the French Electricity Board (EDF) loses money in Reunion since the marginal cost of electricity production is supposed to be constantly higher than the selling price materialized by the line BC.  Total loss is equal to the surface p1BCA.  It is assumed that marginal cost grows steadily; the first power stations are hydraulic and the next ones are thermal stations using expensive imported fuels.  It is assumed that this marginal cost includes incurred external costs (environmental costs and purchase of CO2 permits).

Let us suppose that the Government introduce a guaranteed repurchase price equal to p2 for wind electricity Oq** produced on the island.  At first, the purchase price of wind power is higher than the marginal cost of classic electricity, until it reaches level Oq*. After that, this price can be lower than the marginal cost of thermal electricity, especially if external factors are taken into account (environmental costs, purchase of CO2 permits, cost of being dependent on imported energy, etc.).  So from q* on, the purchase price is lower than the marginal cost of thermal electricity.  Between q* and q**, resorting to wind electricity “saves a cost” equal to the surface EDC.  Now the additional cost supported by EDF when wind electricity is substituted for classic electricity (for a total equalling Oq**) corresponds to the surface p1p2DA.  This additional cost can be lower than what it was at the beginning if the surface Bp2E is smaller than the surface EDC, i.e. if the additional cost of wind electricity compared with the production cost for the quantity Oq* is inferior to the “cost saved” for the quantity q*q**.
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This analysis can be fine-tuned by taking into account positive external factors linked to wind electricity production such as the effects on local employment and local industry activity.  Naturally, macro-economic effects linked to energy importation (which also generates jobs and has repercussions at local level) should be deducted.  Only an impact study on a case-by-case basis, using the “effect method” could provide an answer to this question.  The important thing to remember is that guaranteed purchase prices do not necessarily mean loss.

General Conclusion

For an island territory deprived of fossil fuels like Reunion, renewable energy development is a vital economic, social, financial and environmental challenge. Developing the use of renewables is a means to reach several targets at once:

· Reduce the island’s energy dependency on imported fossil energies, the price of which keeps rising;

· Bring down the energy bill;

· Diversify energy supplies and guarantee supply security;

· Preserve a fragile tropical environment that is necessary for the tourist sector;

· Limit environmental attacks and guarantee sustainable development;

· Rely on inexhaustible resources.

Reunion is currently a pioneer in the field of thermal and solar energy development.  It is also well ahead of EU objectives as regards the share of RNE in energy and electricity production.

However, renewable energy is no panacea.  At the current state of existing technology, it is expensive and not very competitive.  It also has a certain number of drawbacks, as resources are often intermittent, irregular and with low capacity.

As a consequence, renewable energy development alone cannot offer a general, cheap and readily available answer to the island’s current energy problems.  Renewable energy alone will probably not be enough to guarantee the electric power self-sufficiency that the Reunion Regional Council wants to ensure unless considerable energy saving is made and energy consumption growth is curbed significantly.

Nevertheless, local authorities must continue to play a part and massively support renewable energy development: this is the only way to check CO2 emissions and reduce the island’s energy dependency.
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Figure 2: Primary Energy Consumption per Source in 2005
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Figure 3 Variation of Primary Energy Consumption in Reunion 1981-2005





Figure 5: Distribution of Fossil Fuel and Renewable Electricity in 2005
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Figure 6: Variation of Renewable and Fossil Energy Contribution to Electricity
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 Figure 1: Ste Suzanne Wind Farm funding breakdown
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Figure 4: Reunion’s Energy Dependency Rate between 1981 and 2005





50%





67%





75%





81%





85%





0%





10%





20%





30%





40%





50%





60%





70%





80%





90%





1981





1990





1995





2000





2005





q


KWh





KWh Price and Cost





q*





q**





p2





p1





B





E





F





A





D





C





0








� Final energy consumption was 1,101 ktoe in 2005.  Distribution by energy source reveals the dominating role of oil products (55.5%) in satisfying final energy needs.  Electricity accounts for 39% of needs.  The share of local renewable energy resources in final energy consumption is clearly insignificant.
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