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A B S T R A C T

Reunion Island, a French overseas region located in the Indian Ocean, is facing a three-fold challenge combining
demographics, the environment and energy. To limit its heavy dependence on imported fossil fuels, Reunion
Island aims to achieve energy autonomy by 2030 based on greater energy efficiency and renewable energy
alternatives. The objective of this study is to analyze different scenarios to reach electricity autonomy and, at the
same time, consider the wide-scale integration of renewable energy in the island's power system using the
bottom-up optimization energy model TIMES-Reunion. Despite the tremendous potential of renewable energy
sources present on the island, the transition to 100% renewable energy needs to be supported by incentives or
constraints. Strong energy policies can both direct the choice of renewable resources and accelerate the re-
newable transition. The development of biomass on Reunion Island is economically interesting. The transition
scenarios show that by 2030, electricity from biomass advantageously replaces electricity from coal and re-
presents slightly more than 50% of electricity generation. Solar and wave/ocean energies are not the most cost
effective option, but wind energy tends to disappear in the face of these energies more politically supported. A
network regulation rule benefits biomass and is more detrimental to solar than to wave energy. The dec-
arbonized transition of the power system incurs higher total discounted system costs due to the additional costs
induced by the different incentives to promote certain renewables, with some pathways toward energy au-
tonomy appearing more costly than others.

1. Introduction

Declared a UNESCO world heritage site in 2010, the French over-
seas region of La Reunion – Reunion Island – located between Mauritius
and Madagascar in the Indian Ocean, is facing a three-fold challenge
involving demographics, the environment and energy. From 1970 to
2012, the island's population nearly doubled from 450,000 to 837,900
inhabitants. According to INSEE 2012 projections [1], the number of
inhabitants is expected to reach 1061 million in 2040. In a context of
demographic and economic growth, between 2000 and 2012, primary
energy consumption increased by 3.1% per year and final energy con-
sumption by 2.5% per year. Whereas in the 1980s all of the energy
produced on Reunion Island came from renewable hydroelectricity, the
island has gradually become dependent on imported fossil fuels. In
2015, petrol, coal and gas represented 86.1% of primary energy con-
sumption and renewable energies only 13.9%, while 64% of the island's
power was generated by fossil fuel (coal and oil) power plants [2]. This
strong dependence on imported fossil fuels is frequently observed in the
island's energy system [3] and leads to power outage risks in case of
supply disruption as well as increasing greenhouse gas emissions. Most

of the world's islands are in a similar situation and have to import fossil
fuel for their energy demands, which is increasingly expensive for is-
land nations [4–7]. Yet, although Reunion Island is isolated, located far
from mainland France, and equipped with a poorly meshed grid that
makes it vulnerable, it does possess significant potential in terms of
renewables, such as hydropower, solar, wind, biomass, geothermal
energy and marine energy in the form of ocean thermal energy and
energy waves [8]. As for some other islands, renewable energy sources
are thus sufficiently abundant to explore opportunities for an autono-
mous, sustainable power system [9,10].

Like other French overseas territories, Reunion Island has been
significantly investing in renewable energy since 2000 [8] and, notably,
since 2007 it has adopted a strategy for sustainable development that
aims to achieve energy autonomy by 2030 based on greater energy
efficiency and renewable energy alternatives [11–13]. Although half of
the island's power is currently generated by coal-fired power plants, this
unique European territory in the Indian Ocean has considerable po-
tential for renewable energy generation (solar, marine, wind and bio-
mass), and so is largely targeting developing these renewable energy
sources to achieve its goal. Until recently, Reunion Island had
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implemented the GERRI project [14], Green Energy Revolution Re-
union Island. This economic and social development program centered
on the sustainable development of Reunion Island and resulted from the
“Grenelle Environment” French environment roundtables. It estab-
lished an energy self-sufficiency target for Reunion Island by 2030, by
replacing fossil fuels with renewable sources. This project aimed to
build a model of production and energy consumption by 2030 pro-
moting all low-carbon innovations for integration into society by 2030;
this included transport, energy production, storage and use, town
planning and construction, and also tourism, with La Reunion aiming to
develop an ecological tourism sector receiving 600,000 tourists by
2020. Reunion Island's plan for making its electricity system 100% re-
newable involved a multi-fold process. This ambition was established in
the law "Grenelle 1" No. 2009–967, whereby the French Ministry of
Ecology mandated in April 2009 that all new constructions in overseas
departments must install solar water heating. Additionally, biomass was
to gradually substitute coal, entailing the development of more fibrous
sources of sugarcane, and thus an increase in the number of cane farms
It was established that more hydropower and geothermal energy should
enter the mix, accompanied by experiments on tidal power. These
measures were also designed to help the island achieve its goal of sa-
tisfying all of its heating and cooling needs with renewable resources.
The GERRI project was dissolved in 2013, but energy autonomy re-
mains a challenge and a goal to reach, enshrined by the Energy Tran-
sition for Green Growth Act launched in France in 2015.

Achieving energy autonomy by 2030 will require a 100% renewable
electricity mix by this date. Owing to its rich natural environment, this
unique European territory in the Indian Ocean has exceptional potential
for renewable power generation. Reunion Island is endowed with many
types of renewable energy sources (RES) such as solar, wind, geo-
thermal, sea energy (ocean thermal energy conversion and wave en-
ergy), biomass and hydropower. However, reaching this 100% renew-
able electricity mix will involve many structural changes in electricity
production in a short time-frame. Hydroelectricity is the island's main
renewable resource. It accounted for 17,2% of its total electricity pro-
duction in 2015 (133,6MW of installed capacity), spread over six sites
in the eastern part of the island [2]. An additional capacity of 50MW
should be deployed by 2030 [15]. Reunion Island's biomass potential is
considerable. The bagasse (sugar cane residue) resulting from the sugar
cane industry is entirely energy-valued in two co-firing bagasse and
coal power plants. Biomass will have to be largely deployed to sub-
stitute coal in the long term, which will entail the development of more
fibrous sources of sugarcane, the reclamation of wood and green waste
energy and the development of gasification technologies. Due to the
island's location, solar energy is an abundant energy resource. Over the
last ten years, a large increase of photovoltaic (PV) installations has
been observed. The first PV systems set up were stand-alone systems
specially in isolated mountain places that couldn't be easily connected
to the grid. Nowadays, PV farms connected to the grid are developed
mainly on the coastal part of the island due to its high solar potential.
the PV farms are mainly set up on residential houses and industrial
roofs due to landscape constraints. In 2015, the installed capacity of
photovoltaic solar energy was 186,6MW [2]. To meet the autonomy
target, more PV farms connected to the grid will have to be developed
[8].

The southeast and northeast regions of the island are suitable for
wind power generation [8]. Currently, two wind farms are operating
with a total installed capacity of 14,8 MW in 2015 [2]. The potential of
wind power generation is estimated at 50MW for the island. During the
summer season the island is exposed to violent cyclones. Therefore,
special wind turbines insured for cyclonic conditions (pull-down wind
turbine technology) have been developed in the two farms. The

investment extra cost and the non-exploitation during cyclonic winds
thus limit the investment in wind power on the island despite an im-
portant potential on the coast [2,8]. Furthermore, several other re-
newable technologies will have to enter the mix, such as geothermal
and marine energies. Research projects on marine energies are under
development [8]. Ocean thermal energy conversion (OTEC) will have to
be largely deployed as well as wave energy. Geothermal energy also has
significant potential thanks to a high thermal gradient with the Piton de
la Fournaise volcano. However, this potential is still under study as the
volcano is located in a protected natural zone.

The high penetration of RES in the power mix raises key issues:
What will be the cost of electricity autonomy by 2030? How will the
significant deployment of intermittent energies affect the reliability of
the electrical system? A quantification of these issues is useful to define
a road map to meet the goal of electricity self-sufficiency. To address
these issues, we have conducted a prospective analysis of the Reunion
Island electricity system by 2030. The objective is to examine the
changes in current production patterns in order to move toward a 100%
renewable mix by 2030. The aim of this study is to evaluate the impact
of differentiated large-scale integration of renewable energy on the
composition of the electricity mix, the total additional cost to the
system induced by this 100% renewable objective, and the effect of a
limitation of intermittent penetration due to network reliability con-
sideration. This analysis is conducted with the bottom-up energy model
TIMES-Reunion [16–18]. The paper is organized as follows: Section 2
describes the model used for the analysis and the energy scenarios.
Section 3 presents the results of the long-term modeling. The final
section provides some concluding remarks.

2. Methodology and energy autonomy scenarios

2.1. The TIMES-Reunion model

This analysis was developed with the TIMES-Reunion model de-
veloped by the MINES ParisTech Centre for Applied Mathematics [16].
The TIMES model is a widely used, linear programming family model
developed under the IEA's Energy Technology Systems Analysis Pro-
gram (ETSAP). It is a bottom-up optimization model that offers a
technology-rich representation of Reunion Island's electricity system
[19–21], which it depicts with a detailed description of different pri-
mary energy sources, electricity production, transport and distribution
technologies constituting the reference electricity system (Fig. 1). The
RES network links these commodities to numerous technologies char-
acterized by their economic and technological parameters in the power
sector.

The time horizon of the model ranges from 2008 (reference year) to

Fig. 1. Reunion island reference energy system.
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2030. This technological model is driven by an exogenous electricity
demand. The model uses a linear-programming approach in which the
technical optimum is computed by minimizing the discounted global
system cost. Then, the model aims to supply energy services at
minimum global cost by simultaneously making decisions on equip-
ment investment and operation, and primary energy supply. It mini-
mizes the total discounted cost of the Reunion's electric system over a
long time period under a number of environmental, technical and de-
mand constraints. It computes a total net present value of the stream of
the total annual cost, discounted at 7% to the selected reference year
2008. The total annual cost includes investment and dismantling costs
(capital costs) that are annualized using hurdle rates, annual fixed and
variable operation and maintenance costs, and costs incurred for exo-
genous imports and domestic resource production. The main outputs of
the model are future investments and activities of technologies for each
time period. Furthermore, the structure of the energy system is given as
an output, i.e. type and capacity of the energy technologies, energy
consumption by fuel, emissions, etc.

The model is calibrated for the reference year, 2008 when 9165.6 TJ
of electricity was generated [22]. Costs and technical properties for new
power plants are derived from the European program RES2020, which
assessed the directives on Renewable Energy Sources in the European
Union using a TIMES model. Fig. 2 shows the Reunion Island electricity
mix in 2008, a mix dominated by fossil fuels, although hydroelectricity
and biomass with sugarcane are well represented. Indeed, 64% of
electricity production was supplied by fossil primary energy comprising
some oil but mostly coal, and 36% by renewables. Hydroelectricity
represented close to 25% of the power generation and 69% of renew-
able electricity. The significant amount of sugarcane crops means that
bagasse (residue of sugarcane) could be used in electricity production.
Bagasse was thus used as a fuel in two thermal power plants, in co-firing
with coal. 550,000 t of bagasse were produced and recovered in these
two plants per year, so that this resource represented 10% of electricity
generation sources. In 2008, solar and wind energies were insignificant
sources of electricity generation.

76% of the installed capacities in 2008 concern thermal power
plants, representing 476MW. Hydropower represents 20% of the in-
stalled capacities distributed between dams for 109.4MW and run of
river for 11.6 MW. The remainder of the installed capacities is con-
stituted by wind power, representing 16.8 MW, solar power, re-
presenting 10MW, and municipal waste, with 2MW.

Reunion Island is electrically isolated and so has to produce the
energy it consumes. Considering its power mix, Reunion Island is sig-
nificantly dependent on fossil energies. Given the island's energy au-
tonomy ambition, the potentials of renewable energies by 2030
(Table 1) are based on policies and projects conducted in Reunion Is-
land, and mainly on the SRCAER (2013) [15].

Renewable energies are expected to significantly increase by the
2030 time horizon. Notably, intermittent energy presents considerable
potential for development. From 1.68MW and 10MW respectively, the
installed capacity of wind and solar could increase to reach 50MW and
160MW respectively on the time horizon. In addition, the development
of the use of bagasse and marine energy should significantly contribute
to achieving electricity autonomy on Reunion Island. The potentials of
these renewables are substantial with, for example, up to 100MW of
installed capacity of ocean thermal energy in 2030, and 1440 TJ of
biomass electricity generation. Geothermal energy also presents sig-
nificant potential for development, with an installed capacity of 30MW;
however, the main problem for this resource on Reunion Island is its
location in a protected natural area.

To analyze possible alternative development pathways of the future
autonomous energy system, we investigate different scenarios binding
the target of 100% renewable sources in power generation by 2030 and
specifying different potentials for renewable energy sources. Moreover,
we implement a sensitivity analysis with a particular focus on solar,
ocean energy, geothermal and sugarcane.

2.2. Scenarios

We start by calculating a business as usual scenario. In this reference
scenario, no specific energy policy is assumed. There is no objective to
integrate renewable energy into the mix to reach electricity self-suffi-
ciency. This scenario outlines some key patterns in the evolution of the
electricity system and serves as a comparison point of the analysis.

To achieve the electricity autonomy objective and meet the 100%
renewable target, we analyze the “100% Renewable” scenario. In this
scenario, fossil fuel is no longer present in the electricity mix by 2030.
Additionally, 300MW of solar has to be installed by 2020. This scenario
allows us to investigate the pathway induced by a strong energy policy.

We also explore the impact on the system of strong political choices.
Since 2000, public policies have largely incentivized photovoltaic solar
energy and the development of marine energies. Therefore, we consider
a specific 100% renewable scenario where photovoltaic and ocean en-
ergy systems are significantly developed to meet the 100% renewable

Fig. 2. Electricity production in 2008. (source: PPI – EDF SEI 2009) [2].

Table 1
Renewable energy potential assumptions.

Energy sources Level in 2008 Potential

Biomass 963 TJ 1440 TJ
Hydroelectricity 121 GW 268MW
Wind 16.8MW 50MW
Solar PV 10MW 160MW
Ocean thermal energy conversion (OTEC) 10MW in 2020

100MW in 2030
Ocean wave 30MW by 2020
Geothermal 30MW

S. Selosse et al. Renewable and Sustainable Energy Reviews 89 (2018) 99–105

101



target, “PV-OCE scenario”, i.e. 700MW for solar and 150MW for ocean
energy.

Another scenario consists in achieving the 100% renewable target
with large-scale deployment of geothermal energy and biomass.
Geothermal is developed through authorizing the exploitation of geo-
thermal energy in a protected natural area. The sugarcane resource
produced on the island is only devoted to energy. This scenario is called
“Rupture”.

Then, in relation to the potentially large-scale development of in-
termittent energy, we investigate scenarios dealing with the manage-
ment of this intermittency, including an exploitation rule in line with
the decision of the network operator EDF (Electricity of France) that
consists in limiting intermittent energy in the grid to a maximum of
30%. This limitation concerns more precisely solar, wind, wave energy,
and run of river. The aim of this constraint is to take into account power
network reliability concerns. These scenarios are called “PV-OCE Int”
and “100% Ren-Int”. Renewable energy potentials are similar to those in
scenario PV-OCE and 100% renewable only the share of intermittent
energy sources in the power mix is limited to 30%.

The demand for electricity in the model is exogenous, and data
come from the projections of the network operator EDF. In the different
scenarios, we assume that energy demand management will be put in
place. Therefore, the increase in demand is lower than in a BAU and we
expect the deployment of electric cars by 2030 (Table 2).

Furthermore, in case of energy demand management (EDM), the
grid's power peak is also expected to go down (Table 3).

The following table summarizes the scenarios (Table 4):

3. Results

We analyze the changes in current electricity production patterns to
move toward a system capable of achieving the energy challenge.

3.1. Electricity mix

In the BAU scenario, the production of electricity gradually in-
creases to reach 14,728 TJ by 2030. This growth is based on assump-
tions relating to the median electricity demand scenario. Electricity
production from coal doubles from 2008 to 2030, indicating that
without a constraint to promote energy autonomy, the most economical
solution for producing electricity is based on imported coal. It is in-
teresting to note that the share of renewable energy in the production
stabilizes at around 35%. This value is close to that observed in 2008
(36%). This scenario underlines that on the one hand, the level of re-
newable energy in the current system is the maximum level of in-
tegration from a purely economic point of view, and on the other hand,
the transition to a 100% renewable cannot be reached without an ef-
fective incentive system or regulatory constraint.

We analyze the impact of the 100% renewable target on the elec-
tricity mix, as characterized in the 100% Renewable scenario (Fig. 3).
Before it is important to notice that between 2008 and 2020, electricity
production increases more slowly than in a scenario without autonomy
policy (BAU scenario) due to lower growth assumptions in the demand
management scenario but between 2025 and 2030, the level of pro-
duction catches up with the level in a BAU scenario thanks to the de-
ployment of electric vehicles. In the 100% Renewable scenario fossil fuel
consumption decreases progressively. From 2020, 50% of electricity is
produced from renewable energy. In 2030, electricity from biomass has
advantageously replaced electricity from coal and represents slightly
more than 50% of electricity generation. This can be explained by the
use of new varieties of sugarcane and the opportunity to develop a
sugarcane variety solely devoted to the energy production. Massive
investments are made in biomass gasification plants in 2025. Geo-
thermal energy and marine power are developed by 2030 to meet the
target.

In the PV-OCE scenario (Fig. 3), we can observe that production
levels are the same as in the 100% renewable scenario, because we use
the same demand scenario. In this scenario, photovoltaic and marine
energy have been greatly encouraged. Therefore, in 2030, these two
energies represent about 30% of electricity production. Hydroelec-
tricity increases slightly between 2008 and 2020 and then remains
constant over the study period, as in the other scenarios. Bioenergy is
developed by 2020 due to, on the one hand, the availability of energy-
dedicated sugarcane, with higher efficiency, and on the other hand,
significant investments in bioplants. However, the development of
biomass intervenes earlier, although to a lesser extent than in the 100%
Renewable scenario. As regards wind power, production decreases over
the time horizon, representing only 1.6% of the electricity mix in 2030.
Turbines are not replaced because they became less competitive com-
pared to other investments. In this scenario, geothermal energy is not
developed.

Table 2
Electricity demand scenarios.

Demand
scenario

2008 2010 2015 2020 2025 2030

Median 8344.8 8881.2 10,191.6 11,473.2 12,470.4 13,435.2
Electricity

demand (TJ)
Energy demand

control
8344.8 8866.8 9900 10,260 10,486.8 10,645.2

Electricity
demand (TJ)

Electric cars 0 5040
Electricity

demand (TJ)

Table 3
Grid power peak scenarios.

EDM scenario 2008 2010 2015 2020 2025 2030

Median 408 445 520 595 670 750
Power peak (MW)
Energy demand control 408 435 480 521 560 596
Power peak (MW)

Table 4
Scenario characterization.

Scenarios Specificities 100% Renewable PV-OCE Rupture 100% Ren-Int PV-OCE-Int

2030 energy goal No more fossil fuel by 2030 - ELECTRICITY AUTONOMY
Energy policy 300MW solar by

2020
PV and ocean energy system
significantly developed

Geothermal energy and
biomass

300MW solar by
2020

PV and ocean energy system
significantly developed

Exogenous demand
evolution

Scenario Energy Demand Control (EDC) and Electric Cars (EC)

Network exploitation rule No limitation of intermittent energy 30% maximum of intermittent
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In the Rupture scenario (Fig. 3), there is significant development of
electricity generated from biomass. Sugarcane production is being
phased out in favor of energy cane. Electricity generation from bagasse
rises to 12,000 TJ in 2030 and represents more than 70% of electricity
production. In addition, the geothermal option is not developed, al-
though the activity installation in the protected natural zone is possible
in this scenario. In this scenario, wind turbines are not replaced and are
phased out by 2030.

3.2. Intermittence management

In PV-OCE-Int (Fig. 4), the share of intermittent energy sources in
the power mix is limited to 30%. Compared to the PV-OCE scenario,
electricity production from solar decreases from 17% in 2030 to 14% in
PV-OCE-Int. This intermittent production decrease is compensated by a
slight increase in biomass, which represents 55% of the power gen-
eration in comparison with 52% in PV-OCE in 2030. However, bioplants
are not developed before 2025 in PV-OCE-Int, against 2020 in PV-OCE.
Wave energy is not significantly impacted by this measure. Also, fossil

fuels remain a source of power generation later on and to a greater
extent in PV-OCE-Int than in PV-OCE. More precisely, electricity is no
longer produced by oil by 2020 in PV-OCE and represents 1.74% of the
power mix in 2015, but 12.85% of electricity production in 2020 in PV-
OCE-Int, before being abandoned as a resource. Twice as much coal is
used in PV-OCE-Int than in PV-OCE in 2020 and 2025, although it only
represents a small proportion of the mix.

In the 100% Ren-Int scenario (Fig. 4) we also consider this operating
rule and also expect a lower deployment of solar panels. Compared to
PV-OCE, the photovoltaic share decreases from 17% to 7% in the 100%
Ren-Int scenario, but it reaches 8% in the 100% Ren scenario. Unlike the
100% Ren scenario, geothermal energy is not developed in 100% Ren-
Int. However, ocean thermal energy (OTEC) progresses faster in 100%
Ren-Int than in the 100% Ren scenario, OTEC representing respectively
17% and 4% in 2030. Conversely, biomass progresses less, representing
47% of power generation in 2030 in the 100% Ren-Int scenario against
58% in the 100% Ren scenario. Electricity from biomass represents al-
most 60% of the mix and the share of geothermal energy greatly in-
creases.

Fig. 3. Electricity mix under the 100% renewable, the PV-OCE and the Rupture scenario (TJ).

Fig. 4. Electricity mix under PV-OCE-Int and 100% Ren-Int (TJ).
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3.3. Economic impact

The objective function of the linear optimization model TIMES-
Reunion is to minimize the total discounted cost of the energy system
(comprising fuel, investments, fixed and variable operation and main-
tenance costs, etc.) on the time horizon, given the assumed demand and
technico-economic, political or environmental constraints. The dec-
arbonized transition of the power system incurs higher total discounted
system costs due to the additional costs induced by the different specific
policies to promote certain renewables; some pathways toward the
electricity autonomy appear more costly than others. Compare to the
BAU, the increase of the total discounted cost of the Reunionese energy
system under the 100% renewable scenario is 15%, 12% under the 100%
Ren-Int scenario, 24% under the PV-OCE scenario, 27% under the PV-
OCE-Int scenario and 8% under the Rupture scenario.

The PV-OCE scenarios with or without the intermittence regulation
rule constitute the renewable pathways involving the highest additional
cost, i.e. an increase of 24% and 27% respectively for PV-OCE and PV-
OCE-Int. These scenarios are characterized by specific support for solar
and marine energies and more expensive technologies.

The scenario with the least additional cost is the Rupture scenario,
with only an 8% increase in the total discounted cost of the energy
system. In this renewable energy pathway, the focus is on biomass and
geothermal energy. In this scenario, the influence of policy is particu-
larly strong because, on the one hand, geothermal energy exploitation is
allowed in natural protected areas, even though this resource is not
ultimately exploited. On the other hand, and in particular, energy cane
development is promoted, to the detriment of traditional sugarcane
crops. This resource and its exploitation are less expensive than su-
garcane with high yields; however, the decline of the sugar industry to
fully dedicate sugarcane fields to energy purposes is a strong policy
orientation that will lead to drastic modification in Reunion Island's
development, both culturally and economically.

4. Concluding discussion

During the 1980s, Reunion Island's entire electricity supply came
from renewable hydropower. As the population grew and quality of life
improved, coal and oil were introduced to help meet increasing de-
mand. High dependence on fossil fuels for power involves security,
economic and environmental problems that Reunion Island has decided
to overcome by committing to sustainable growth. This involves
achieving energy autonomy by 2030 and integrating zero carbon
practices into multiples sectors. The priority is to reach a 100% re-
newable mix for power. In this challenging transition to renewable
energy, Reunion Island is a source of opportunities in terms of energy
development with significant solar, marine, geothermal and hydro-
electric resources. This study has evaluated the changes that Reunion
Island can expect in the power sector to meet its target depending on
different types of support for these renewable sources of electricity.
This study of the Reunion Island case is especially interesting insofar as
other small island nations also face the threat of climate change and
energy dependence and have the potential to lead a renewable energy
revolution. “Best of all, these islands can serve as examples for the rest of
the world to show how the idea of a future powered completely by renewable
energy is not merely conceptual, but indeed a very realistic option with ap-
plications very much in the present” [4]. In this context, Reunion Island
constitutes an interesting and effective testing ground [8,14,23] and,
beyond that, can foster ambitions to be a green revolution model.

In the business as usual scenario, Reunionese electricity production
doubles from 2008 to 2030, in particular based on the development of
coal and the share of renewables stabilizes at around 35% by 2030.
Despite the tremendous potential of renewables on the island, transition
to 100% renewable energy requires support in the form of specific

policy or constraints. Without political or economic support, the share
of renewable energy remains at the 2008 level over the time horizon,
suggesting that this level corresponds here to the economic maximum
of renewable integration.

In this study, to discuss different pathways for energy autonomy and
clean technology integration, we analyzed the impact on the electricity
mix of changes in the level of renewable potentials. An interesting re-
sult is the more rapid transition with strong energy policies, i.e. the PV-
OCE and Rupture scenarios. We can therefore conclude that these en-
ergy policies not only direct the choice of resources but also accelerate
the renewable transition. We also focus on the level of development of
solar and wave/ocean energies. These energies are not the most cost
effective option, but wind power tends to disappear in the face of
greater support for these energies. This result is interesting if we con-
sider that wind is often characterized as the most common and pro-
mising renewable energy resource [3,7]. In 2000, Jensen [24] found -
although based on incomplete statistics - that more than 50% of islands
had achieved wind power generation. However, the use of wind power
differs depending on the island, and the specific cyclonic compatible
wind turbine technology lead to significant investment extra-costs that
limit the development of this option.

Some major technological challenges arise, particularly concerning
the reliability of the electricity supply and the ability of the system to
withstand sudden disturbances caused by the intermittency of certain
sources of electricity. More precisely, intermittent energies can fail to
guarantee the continuity and reliability of the power supply, thus dis-
rupting the balance between energy supply and demand. Moreover,
with respect to the wide-scale development of intermittent renewables,
the scenarios investigated integrating a 30% limitation on intermittent
energy highlight that this network regulation rule works to the benefit
of biomass and more to the detriment of solar than wave energy.
Beyond the question of production, and especially in the case of a non-
interconnected island, the issue of energy storage is crucial as a means
to cope with the stochastic power production of intermittent energies
[3,7]. In the future, stakeholders, i.e. industrials, researchers and public
authorities, should focus on security and innovation in this area [13].
Moreover since 2009, EDF is experimenting the largest battery in
Europe, a sodium-sulfur battery (Na-S) that offers high-tech storage.
The sodium-sulfur battery Nas, with a capacity of 1MW was installed in
St. Andrew, a city in the northeast of Reunion Island. This experiment
will enable to smooth the load curve and slightly relax the 30% network
rule [26].

The development of biomass on Reunion Island is economically
more viable. By 2030 in the transition scenarios, electricity from bio-
mass has advantageously replaced electricity from coal and represents
slightly more than 50% of electricity generation. This can be explained
by the use of new varieties of sugarcane and the opportunity to develop
a cane variety dedicated to energy production. However, the integra-
tion of this source of biomass and the exploitation of 100% energy-
sugarcane in the case of the Rupture scenario, raise questions in terms of
Reunion Island's local economic development around sugarcane, sugar
and rum, and the conservation of cultural aspects. For this reason, this
pathway requires a particularly strong political position, such as au-
thorizing the exploitation of geothermal energy in a protected natural
area. This type of development involves the least additional cost to
transit toward a decarbonized and autonomous pathway, but has sig-
nificant cultural and social consequences on Reunion Island develop-
ment.
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