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Sustainable urban planning for a successful energy transition on Reunion
Island : From policy intentions to practical achievement

Fiona Bénard-Sora®*, Jean Philippe Praene®

“Laboratory of Physics and Mathematical Engineering for the study of Energy and the Environment 117 rue du General Ailleret -
97430 Le Tampon - Reunion, France

Abstract

Numerous studies have investigated how small vulnerable territories are adapting to climate change, par-
ticularly non-interconnected islands with focus on Renewable Energy Sources (RES) and self-sufficiency.
A key to success is an energy plan with appropriate policy tools. This paper first presents a discussion on
barriers to RES deployment. Then, we present the energy situation and the legislative energy framework
in Reunion Island. Are the legislative and policy frameworks sufficient to achieve the energy transition ?
This paper proposes an original view discussing the potential of a territory and available tools to develop
RES. Energy transition is also view as an opportunity.

Keywords: Reunion Island, Renewable Energy, Transition, Autonomy, Policy, Energy Planning

1. Introduction

More than 730 million inhabitants live on islands, representing 11% of the world’s population [1]],[2].
Due to their specific characteristics including geographical situation, size, natural disasters, and energy
production, small islands are highly vulnerable to climate change [3]]. Isolation from markets is a real
disadvantage for these territories, and this consequently causes socioeconomic vulnerability. High freight
charges on imports are an example of a consequence of their situations [4] [5]. The Intergovernmental
Panel of Climate Change (IPCC) report, in its chapter 29, highlights the lack of specific projection studies
to guide adaptation strategies [6]]. Furthermore, it seems obvious that islands need alternative green energy
scenarios to balance their high dependance to fossil fuel imports for electricity generation [[1]. Moreover,

islands are strongly marked by their incapacity to achieve economies of scale, [7]]. Several islands are
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currently lagging behind and for many of them, their economic growth is highly dependent on their
patron [[7]. Local responses of human societies to face the effects of climate change are developed in
very unequal conditions : small islands which are the most exposed territories to climate change are
not the most emiting in terms of greenhouse gases. For these territories, this factor accentuates their
vulnerability because it makes them dependent on another territory. Vulnerability and dependence are
indeed two related elements. For these territories, the energy transition must be understood at first sight
as the transition to electricity production from 100% renewable sources. However, a territory cannot have
a purely deterministic characteristic. Indeed, it seems difficult to consider the latter as the central and
decisive factor of the dynamics of the social and economic policies. The human being and its territory are
intrinsically linked as land are developing by societies. Thus in a world of change, exposed to the effects of
climate change, small islands have to rapidly build their resilience. Small islands are actually emerging as
inspiring and innovative territories to experiment solutions to reach sustainability. Their role is especially
meaningful because this bottom-up approach are positioning small islands as significant actor to propose
efficient policy tools, knowledge and action in order to make adaptation effective. The question of energy
transition has been viewed in this paper through the prism of potential RES to face the challenge of energy
autonomy. The “renewislands” idea was introduced by Chen et al. [§], and their work objective was to
define the feasibility of RES penetration in a territory. Several works have examined the potential of RES
and the question of energy storage and distribution on small islands [5 9-13]. Given the vulnerability
of small islands to increase in oil prices, it is crucial to have a clear energy policy and documents that
could be used as a roadmap to lessen dependence on fossil fuels. Dornan and Shah [[14]], Prasad et al.
[15] underlined the importance of providing tax incentives and having a "Green tax" for the deployment
of RES. Shah and Niles[[16] explained the importance of clarifying policy (energy and urban planning) for
the overall management of a territory. In addition to politics, the characteristics of the territory, such as the
size of the territory or demand, are also important. Indeed, it has been found that very small communities
with few inhabitants (less than 10,000) facilitate the penetration of renewable energies into the energy mix
[17][18]. For example, El Hierro Island, which has only 10,500 inhabitants in 2015, was able to become
self-sufficient in electricity through a wind park - pumped storage combination [[19]. On a smaller scale,
the island of Tau on Pacific has also achieved self-sufficiency through a combined system of photovoltaic
panels and storage. This has provided electricity to some 800 inhabitants of the island of 44 km? [20].

Reunion Island, our case study, is a French overseas territory located in the Indian Ocean. It covers a



55 land area of 2512 km?, its coastline is 207 km long and its highest peak is 3071 m above sea level. Reunion
is a volcanic island that has a very steep terrain consisting of two volcanic massifs (figure[T). The 870,000
inhabitants on January 1, 2018 (INSEEE' data) are located mainly on the coast and the mid-slopes of the

island.
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Figure 1: Map of Reunion with indication of Relief and built areas.

Source: Produced under QGIS with IGI\ﬂ data

Reunion has plentiful sunshine and a very high potential for several RES, like solar energy, wind en-

« ergy and hydraulic energy that are already deployed on the island. Since 2000, the Regional Council has
chosen to take advantage of these opportunities to reduce the island’s reliance on fossil imports. A frame-
work for RES penetration in electricity is being investigated to achieve electricity independence by 2030.

Painuly [21]] identified seven major financial, technical, market, social and institutional barriers to the

'Institut National de la Statistique et des Etudes Economiques
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development of RES. In Reunion, a major problem is the lack of coordination between the energy plan-
ning program and its implementation in standard urban planning documents, such as SAREL SCOTﬂ PL[ﬂ
In this paper, the objective is to discuss an assessment of Reunion’s ability to achieve electric self-sufficiency.
This discussion will help in understanding the way this overall regional coordination could be enhanced
for policymakers. Consequently, the paper is organized as follows: the first part considers the barriers
identified for small islands by analyzing the case of Reunion Island; then, an overview of the current en-
ergy situation in Reunion is provided; and finally, the energy legislation is detailed, the consideration of
energy issue in the planning documents is highlighted, and the implement of these planning documents

on the island is analyzed.

2. Barriers to the deployment of a renewable energy strategy

Small island territories have been widely recognized by the international community as vulnerable
territories, as they are vulnerable to climatic hazards and to the profound changes brought about by the
depletion of resources [22]. From small developing states to metropolis-dependent islands, these territo-
ries are weakened by their size, remoteness, and many other factors specific to their island characters.
Successful energy transitions would thus be particularly favourable for them because they would reduce
the current strong inequalities with other continental regions of the world. Successful energy transitions
via the decarbonization of the electricity sector are among the major challenges that will face society over
the next 25 years, and for islands, this challenge presents the additional issues of development and inde-
pendence. Seven problems arising from the use of fossil fuels in an island economy were identified in 2001
and include the following: Market failure/imperfection; market distortions; economic and financial issues;
institutional issues; technical issues; social, cultural and behavioural issues; and other barriers [2] [21]].

This section proposes to review the different categories of barriers identified in these works and to

identify the barriers present on Reunion Island.

2.1. Market failure and imperfection

This first level of barrier refers to the absence of conditions required for pure and perfect market

competition. Among these conditions we can cite in particular the atomicity of the market, which means

’Schéma d’Aménagement Régional: a regional development plan
*Schéma de COhérence Territoriale: an infra-regional development plan
*Plan Local d’Urbanisme: a municipal planning document
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Figure 2: Barriers to renewable energy penetration. Source: [21]

that no economic agent has enough weight on the market to be able to control it. We can also mention
the homogeneity of the products, which indicates that only the price criterion is preponderant in the
differentiation of the products, or free entry into the market, market transparency and mobility of labor
and capital production factors.

Applied to the deployment of renewable energies on a territory, these barriers refer to the high control
of the energy sector, restricted access to technology, lack of competition and high investment requirements
[21]. These barriers are present in the territory of Reunion. The power plant belong to five different
entities: public and semi-public with Region Reunion and EDlﬂ and private with Albioma, Veolia and
Quadran. EDF is the historical producer and supplier of the island, which gives it a hegemonic place on

the market. This limited number of players weakens the market and makes it flawed.

®Electricité de France: French Electricity Provider



100

105

110

115

120

125

2.2. Market distortions / Economic and financial barriers

Through market distortions, Painuly [21]] highlighted barriers such as preferences to conventional
energy, taxes on Renewable Energy Technologies (RETs), non-consideration of externalities and trade
barriers. Overall this is deliberate actions that prevent the perfect competition. In the second half of the
twentieth century, Reunion Island has experienced significant population growth; the population tripled
between 1950 and 2000. The population is forecasted to reach 1 million inhabitants by 2030 [23]. In
the 1980s, the island was nearly self-sufficient in electricity. Indeed, in 1982 the electricity generation
was based on 424 GWh of hydropower, 2 GWh of thermal diesel plant. However, an economic boom
accompanied by a remarkable population growth forced the island to respond immediately to the growing
demand. The fastest way to meet this demand was through fossil fuels. Today, one of the island’s objectives
is to return to RES while continuing to satisfy demand. Since Reunion has no fossil reserves, 539.2 ktoe
of fuel were imported in 2016 for electricity generation. These imports namely coal, diesel oil and heavy
fuel oil represent 66% of the primary sources used for electricity generation.

Economic barriers refer to market size, capital (access and high cost), lack of financial institutions
to support RETs, ... The deployment of RES in a territory is costly, and private investment is needed.
However, the small size of the market may discourage investment for fear of not being profitable [21.
The financial risk to be borne by an investor is one of the main barriers to the deployment of renewable
energy in a territory [24]]. In 2013, Reunion had 835,000 inhabitants, 341,000 homes and 75,000 businesses.
The market therefore remains small, and there are significant risks in the penetration of new energy
production technologies. To facilitate this penetration, the actual risks should be questioned: for example,

public authorities could offer incentives to private companies to reduce the extent of the risks they incur.

2.3. Technical barriers

Reunion Island has diversified electricity production, with a total of 17 production plants on the island:
two oil/diesel plants (34.6% of the total installed capacity), two coal and bagasse thermal power stations
(25% of the total installed capacity), seven hydroelectric power stations (15.9% of the total installed capac-
ity), two wind farms (1.8% of the total installed capacity), three biogas plants (0.4% of the total installed
capacity), and photovoltaic systems scattered over all municipalities of the island (22.2% of the total in-
stalled capacity) [25]. These installations, although very diversified, are centralized by EDF and then
redistributed via the power grid to consumers. Similar to sustainable neighborhoods, it might be interest-

ing or even necessary to envisage more local production that occurs closer to consumers. The population

6
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is concentrated on certain parts of the island: 2/3 is localized on the coastal belt. This fact should allow
certain facilities to be deployed. Indeed, the upland of Reunion corresponds to the National Park which
has been classified in 2009 as world heritage by UNESCO. This area that covers a surface of more than
100,000 ha, that is 40 % of Reunion, could not be use for any renewables plant (except for hydraulic which
was already existing). Under several constraint, RETs deployment is restrained at mid levels of the island
that allows renewable production which is fairly close to the consumer.

The advantages of decentralized generation and storage technology (DGST) already have been demon-
strated [26]]: they make it possible to avoid losses due to transport and distribution and thus increase ef-
ficiency [1271],[128]],[29],[30], [31]. They can also reduce CO2 emissions [31]],[32]],[33] and minimize both
damage to health and land use [31]].

Production close to the consumer would have another advantage: the proximity of the production
system will make consumers more aware of the energy used and the act of consumption. The consumer
will have the impression of being a participant, which will help them reflect on their consumption habits
(34].

Due to their intermittent nature, some RES such as solar or wind cannot perfectly match the electricity
demand. Thus, an energy storage system is necessary to balance supply with demand. Intermittence could
be a clear barrier to RES development. Many solutions currently exist, and an overview of energy storage
for RES was given by Ould Amrouche et al. [35]. Their main point was that the choice of storage system
is driven by applications (e.g., power generation, short term production). In 2015, 10% of the electricity
production on Reunion came from intermittent sources (8.5% for photovoltaic and 1.5% for wind).

With the PEGASE (Prévision des Energies renouvelables et Garantie Active par le Stockage d’Energie)
project, a NaS system of batteries corrects imbalances and supports the frequency of the network, if nec-
essary. This is expected to enable an increase in the share of intermittent RES to 38% by 2018. Electricity
storage is changing the outlook for RES on the island. A choice must be made for RES electricity produc-
tion to define the best spatial distribution and type of storage to meet demand. The objective of 38% is
feasible, indeed the share of RES has varied from 34 to 37.8 in the last four years. On may 2018, a 41 MW
combustion turbine is initiated. This plant mainly uses bioethanol which locally produced to smooth elec-
tricity peak demand. The objective is in medium term to use liquid fuel from algae developed in Reunion.
This bioethanol plant will help the mix to rapidly reach to 38% of RES. A striking example demonstrates

the ambitions in terms of technological innovations on the island: a microgrid electrical device was set
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up in Mafate in 2017. Thanks to hydrogen batteries, the electricity system may conserve the energy
produced via the photovoltaic installations for several days. This experimental device now supplies three
public buildings as a pilot site. If the tests prove conclusive, the device will be extended to individuals (310

families).

2.4. Institutional barriers

Institutional barriers can be diverse: a lack of institutions-mechanisms to disseminate information,
lack of a legal-regulatory framework, unstable macro-economic environment, lack of stakeholder involve-
ment in decision making, clash of interests, lack of RD culture, lack of private-sector participation, and
lack of professional institutions.

Several crucial point must be considered to challenge energy transition. A fisrt aspect deals with incen-
tive policy through taxes or feed-in-tariffs to encourage RES investment. Another crucial point concerns
the social acceptance of RES by the population. The French government has reduced the national feed-in
tariff programs for both photovoltaic (PV) and solar water heater (SWH) since 2011. The immediate con-
sequence is the lack of incentive for RES credits for consumers. Thus, private investments have decreased
over the last 4 years.

Since the end of the 1990s, more than 141,000 individual solar water heaters (SWH) have been installed
on the island, which represents 567,010 m? of panels. This corresponds to an annual thermal production
of 212.6 GWh. This has been helped by a 31% tax exemption when purchasing a SWH. The consumer
rents the equipment for 5 or 10 years, after which they become the owner. At the end of 2015, 38,470
m? of SWH were in use. Despite the decision of the government to reduce tax credits from 50% to 30%,
SWH systems are supported by RTAADOMD The regulation sets the domestic hot water requirements in
any new building projects at a minimum of 50% of SWH. Thus, for SWH, Reunion ranks second in the
European Union, behind only Cyprus, with a ratio of 718 m? /1000 capita.

As shown in figure[3} both SWH and photovoltaic sources are currently stagnating due to the lack of finan-
cial support and electricity grid structure. Indeed, to avoid the risk of destabilization of supply-demand
balance, the french government has fixed a regulatory limit of intermittent resources penetration at 33%.
Between 1997 and 2006, off-grid PV systems were widely developed. In 2015, four new PV projects were

delivered to schools on the island. A significant issue regarding PV in Reunion is that most installations

"Specific thermal acoustic and ventilation regulations for French overseas regions
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Figure 3: Installed Photovoltaics and Solar Water Heater systems since 2000

are grid connected, which rapidly increased the intermittent electricity rate to 30% between 2009 and 2012.

Reunion ranks sixth in Europe, with 221.2 W,/ capitaﬁ

2.5. Social, cultural and behavioural barriers

The social and public acceptance of RES in electricity production could represent a high barrier for
energy transitions. The social barriers identified in the reference article are the acceptance of the product
and the technology [21]]. To achieve this acceptance, local authorities initiated a process in the late 1990s.
Reunion Region, through President Paul Verges, officially launched its insular energy self-sufficiency plan
at UNESCO in 1999. The French overseas regions were entrusted with a certain authority in the field of
energy planning by the “LOOM’ﬂ law of 13 December 2000, a strong competence in the field of energy
planning. An energy planning program called PRERURE (Plan Régional des Energies Renouvelables et

SWp:Watt-peak

® Law of orientation for overseas regions
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d’Utilisation Rationelle de ’Energie) was launched in 1999 by the Regional Council, [36]]. This program
provided a pathway to a 100% renewable energy island and fixed an objective of energy autonomy by 2030
(which also represents the end of the demographic transition). Through its PRERURE plan, the regional

council was a national precursor in three areas:
+ Energy demand management
» RES penetration
« Sustainable mobility

Actions in favor of the energy transition can be seen through two types of actions: strong aid from the gov-
ernment and other related institutions, and a long-term vision with steps to take for energy independence
by 2025. The aid then took the form of tax credits, bonuses and for the poorest populations, the possibility
of renting the devices (SWH and PV) at first and becoming a buyer after a few years. The benefits of this
plan can be seen since the 2007-2009 period: a period of about ten years was necessary to change habits
of population in areas such as sorting waste, installing solar panels, and building low-energy houses.

Today, the goals of autonomy have been revised:

+ energy autonomy by 2030 with a level of 50% RES in the final consumption of the island in 2020 for

the law on the energy transition to green growth (2015) ;

+ electricity autonomy by 2030 for a regional planning scheme: the Regional Climate, Air quality and

Energy Plan (SRCA@.

The revised objectives show that there is still action to be taken to achieve electrical or energy au-
tonomy. Among the actions to be carried out with the population, awareness and energy coaching, en-
couragement of initiatives from community groups, such as urban farming or market gardening, are paths
to consider. Building community thinking from the bottom is the best way to gain social acceptance of
changes in our territory, [38]. A study have been made in 2017, in Reunion, to understand public accep-
tance to renewable energy technologies. The survey was carried out of 1,500 inhabitants asking them to
give their opinion on several aspects of energy transition for Reunion island. Figure [4| presents the re-

sults of the public acceptance to several renewable technologies in their neighbourhood. This study and

19Schéma Régional Climat Air Energie

10
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Figure 4: Minimum distances required for the acceptance of renewable energy technologies

approach were similar to those defined in a previous study in Germany, [38],[39]. However, our results
significantly differ from their case. According to Fig. 4] around 80% of participants are accepted renewable
technologies at a distance of 5 km. Solar PV is singular as its acceptance is high rapidly reach to 70% at

500 m.

3. Energy situation of Reunion Island, an outermost region of the European Union

Energy is crucial for the economic development of any territory. This is particularly true for remote ter-
ritories such as Reunion. Electricity in Reunion is generated by two independent producers ALBIOMAEl
QUADRAI\H and the state-owned historical provider EDF. ALBIOMA operates two sugarcane bagasse-
coal thermal plants which generate 244 GWh, [40]. Electricity peak demand are ensured by two com-
bustion turbines from EDF, for a total capacity of 120 MW. Hydropower represents the first renewable
source, its production amounts to 464 GWh. One of the most recent RET is biogas plant which are all
based mehtanization process. These plants are near three ultimate waste storage site. Biogas only repre-
sents 0.58% (17 GWh) of the total production, for an installed capacity of 4.4 MW. Further study actually

investigate the possibility to develop gasification in several municipalities.

"http://www.albioma.com
“https://www.quadran. fr/
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In 2016, Reunion’s primary energy consumption was 16.6 TWh, 1.1% higher than the previous year

20 [25]. As shown in Figure [5, energy consumption depends heavily on fossil imports. The energy depen-
dency on fossils resources is currently 86.6%. We can see that diesel and coal are the main contributors to

the energy mix. During the 2000-2016 time period, their contribution has increased from 43.04% to 55.1%

of the total consumption. This is due to the new thermal power plant built in 2013 and equipped with 12

diesel engines, with a total output of approximately 210 MW [25].
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Jet Fuel | Imported fossil fuel

14377 GWh
Heavy Fuel —
Diesel .
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Waste oil{ i
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Wind [ 1 2222Gwh
Thermal solar | ]
Hydropower = —
Bagasse |
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o] 250 500 750 1000 1250
Energy [GWhI
Figure 5: Primary energy consumption for Reunion in 2016
245 A common feature of small islands is an electricity production that depends heavily on fossil fuel.

In 2016, renewable energy accounted for 34.1% of the electricity production in Reunion, for a total de-
livered value of 2943.6 GWh. One fact that stands out is the instantaneous power of the intermittent
energies that reaches the disconnection rate each month. In 2016, the maximum power demand was 481
MW in February. Despite the regional and national incentive policies for renewable energy since 2000,

12
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Figure 6: Evolution of electricity generation from 1975 to 2017

RES penetration has stagnated for several years [41]]. This stagnation could be explained by the fact that
Reunion has entered a period of economic recovery; in 2016, the GDP grew by 1.2% in volume. Consump-
tion remains the main driving force behind growth [42]][43]]. Improved purchasing power is supporting
household consumption, which reached 3.2% in 2016 [43].

As shown in Figure [6] the slowdown in growth observed over 15 last years continues. Indeed, the

average growth was 4.9% in 2000-2007 and 2.2% from 2007 to 2017. In 2015, several heat peaks occurred,
which explains the slight increase in electricity production (+1.2% between 2014 and 2015)[25]. The vul-
nerability of power generation to fossil fuel supply can be observed. In 2011 and 2014, hydroelectricity
energy production decreased due to a severe drought[25]. This was counterbalanced by fuel and diesel
generation. One consequence of this is that the environmental impact of power generation is particularly
high with 687g COg per kWh of electricity [44]].
Due to its geographical location, Reunion has a sub-tropical climate with a dry zone on the west coast and
a humid zone in the east. The annual sunshine changes between 1400 and 2500 hours and can even reach
2900 in some areas below 400 m above sea level [45]. This situation gives rise to good potential for RES,
since most RES are indirect solar energy forms such as biomass, wind, ocean, etc...

The evolution of the electricity mix in Reunion is linked closely to its history. Electricity was first
generated on the island in the 1920s. Reunion was then a French colony, and it later became a French

overseas department in 1946. The economic benefits of this new status were slow to materialize and came

13
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in the late 1950s, when the economy began to accelerate. This was a time of intense economic develop-
ment, profound changes in infrastructures and landscapes, with improvements to the roads, airports and
port, and the construction of the Takamaka hydroelectric plant in 1968. This economic development was
supported by strong demographic growth. From 1980 to 2000, the annual population rise was 1.9% (France
0.4%), and currently, it is 1.2% [23]. These historical statistics highlight the necessity of structural changes
in electricity production to meet the demand. Until the end of the 1980s, electricity was produced by five
hydroelectric plants; the island was 100% renewable. Hydropower is still the most important RES. The
second main RES is photovoltaic systems. Production increased from 1.6 to 244.4 GWh from 2006 to 2015.
This growth is constrained by a structural safe threshold that was initially set by the government at 30%,
[46]]. This limit is necessary due to the intermittent and unpredictable nature of photovoltaic systems. The
level has increased to 33% owing to the higher storage capacity installed in 2015. Reunion has other RES,
such as solar thermal, biogas, wind, wave and geothermal. This potential and possible scenario for 2030
is detailed in several studies: [41]], [47], [36]. These studies confirm that it is possible for Reunion to be

self-sufficient using RES.

T

Figure 7: First natural ventilation based bioclimatic amphitheater under tropical climate.

Energy management is another key area being investigated by ADEME‘EI, EDF and policymakers to
assist in Reunion’s energy transition. The action taken over the past 15 years has fundamentally changed
consumer behaviour. The demand has slowed for 15 years, which has allowed us to limit the needs for

new power plants. A key indicator is the fact that annual growth in electricity production has decreased

BThe French Environment and Energy Management Agency
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from 7.8% in 2000 to 1.8% in 2016. Specific thermal regulations for overseas departments have been created
to limit electricity consumption and enhance thermal and acoustic comfort [48]. These regulations have
forced the development of low-energy buildings, new urban regeneration projects, and an extensive use
of natural ventilation. In 2015, The University of la Reunion built the first bioclimatic lecture theatre with
550 seats (see Figure[7), and it does not use any cooling systems. Only passive solutions were considered,
including innovative natural ventilation architecture and solar protection. The building’s electricity con-
sumption is currently 28 kWh/m? per year, which is five times less than the energy used by a conventional
lecture theatre.

Over the last decade, the energy management plan has allowed electricity consumption to decrease to 1.43

MWh per capita; in France, the value is 6.95, and that of a similar island, such as Mauritius, is 2.18 [49]].

4. Energy planning

This section proposes the identification of the different levels of energy regulation (laws and planning

documents) and their implementation on Reunion.

4.1. The legislative framework: the guideline

Reunion’s legislative framework can be understood through three levels of elements:

« the international framework since France participates in the United Nations International Climate

Conference;
» the European framework since France belongs to the European Union;
» the French legislative framework with a series of laws committed to the energetic cause.

The European Union and international framework is rich and drawing a comprehensive picture is not
easy. We therefore decide to address some key dates that have marked French politics. We then propose
an analysis of the French laws in four points.

Since the Earth Summit in Rio in 1992, the United Nations meets every year around a conference on
climate change called the Conference of the Parties (COP). It was during these conferences that the fa-
mous Kyoto Protocol and the Paris Agreement were signed. These conferences and agreements are not
unanimous on the international scene, but they are high places of exchange and debate that highlight the
consequences of global warming. The United Nations Conference on Climate Change COP15, was held in

15
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Copenhagen in 2009. The summit, often called the "summit of shame", reached an agreement among the
major countries of the world - the US, China, India, Brazil and the European Union - to engage in a com-
mon battle against climate change by agreeing to limit any future temperature increase to 2°C, according
to the scientific recommendations of the IPCC (Intergovernmental Panel on Climate Change). COP15 was
criticized because of the ambiguous nature of the agreements reached. Nevertheless, France has a desire
to show good faith and is campaigning actively for a reduction in emissions between 25% and 40% in de-
veloped countries by 2020 and a reduction of 50% in global emissions by 2050. In 2015, during the COP21
held in Paris, the 195 countries present sign the Paris Agreements. Among the many objectives are the
global cap of greenhouse gas emissions as soon as possible. In 2017, the United States decided to withdraw
from these agreements, which caused an international outcry but was not enough to call into question the

commitment of other countries, such as countries of European Union.

The European Union energy policy can be summarized in three main areas. First is the issue of energy
security, which promotes a diversification of supply sources to limit the overall vulnerability. Second is
the issue of environmental objectives (e.g., Kyoto Protocol targets, program objectives of Europe 2020).
This second point is focused specifically on energy efficiency, the integration of renewable energy into
the network, and the development of smart grids. The final area concerns the economic competitiveness
of the energy sector (e.g., market liberalization, affordability)[50].

Europe has, since 2008, committed to an Energy-Climate Change Package, which is a legislative instru-
ment dedicated to increasing energy efficiency and the use of renewable energy and reducing greenhouse
gas emissions. The initial objective year was 2020. In 2014, these objectives were revised to reach maturity
in 2030. It was under the French management that this legislative package was adopted for the first time.
France has been committed to the Kyoto Protocol targets since 2004, when its first national climate plan
was introduced. As part of the Kyoto Protocol, France has set a target of stabilizing its greenhouse gas
emissions over the period 2008-2012 compared to the 1990 levels. Its first national climate plan was intro-
duced in 2004 and, for the first time, included measures to reduce carbon emissions in all sectors of the
economy and daily life to stabilize carbon emissions to the 1990 levels by 2010, that is to say 560 million

tonnes of carbon dioxide equivalent. It also stipulated a four-fold reduction in emissions by 2050.

In France, a particularity is the public character of energy policy. This ensures the strategic inde-
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pendence of the nation and promotes economic competitiveness and is based on the maintenance and
development of national and local public enterprises in the energy sector. The energy is indeed consid-
ered a need in the general interest. A major issue is the territorial coherence and connection between the
various administrative levels of the territory. Analyzing the effectiveness of French energy policies and
the success of their application on the territory is not easy. To analyze French laws, we propose to identify

four points that interest us particularly. (Table 1):

the fight against global warming (GW);

« the promotion of renewable energies to change the energy mix (RES);
« demand side management (DSM);

« the proposal of planning tools for anchoring to the territory (P).

Four laws over 10 years were selected for the analysis: the Energy Program Act of 13 July 2005 (POPE),
the Law 2009-967 of 3 August 2009 (Grenelle 1), the Law 2010-788 of 12 July 2010 (Grenelle 2), the Law
2015-992 of 17 August 2015 on the energy transition for green growth (LTEPCV). The laws Grenelle 1 and

Grenelle 2 are presented together (Table ).

Indeed, the question of the energy transition has been brought by the global alert of the consequences
of global warming. This energy transition involves the integration of renewable energies instead of fossil
fuels, which is accompanied by energy management. Finally, the application to the territory shows the
connection between the political will and the local context.

The analysis of the first three criteria (GW, RES, DSM) makes it possible to show that the objectives
are maintained over time: little evolution in terms of thresholds, but a firm reaffirmation with each new
text. Regarding the last criterion (P), the Urban Planning Code is constantly completed with each new text,
which shows the close link between urban planning and energy planning. This link is confirmed by the
different territorial planning plans created by these laws, like the PCETE| or the SRCAE. The criteria chosen
to analyze these texts are not exhaustive and the richness of these laws is not completely highlighted.
Therefore, the following paragraphs will attempt to provide additional information. For easier reading,

we take again the diminutive POPE, Grenelle 1 and 2 and LTEPCV used previously.

"Plan Climat Energie Territoire
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Table 1: Analysis of four French energy laws from 2005 to 2015

Gw RES DSM P
*Urban Planning Code is completed and rules
*To reduce average annual greenhouse *To meet 10% of France’s energy needs
*To bring the annual rate of decline of of the PLU are modified (for example, the
POPE gas emissions by 3% per year. from renewable energy sources
final energy intensity to 2% in 2015 possibility of extending the land load factor
2005 *Goal of dividing by four global emissions (including 21% of electricity needs)
and 2.5% in 2030. if a building is of high energy performance).
of greenhouse gases by 2050. by 2010.
*Proposal of Climate Plan.
*Urban Planning Code is completed and rules of
the PLU are modified.
*The link between the different planning
documents of the territory is clarified and
Grenelle 1and 2 *Same goals with precision: In 2050, reduce *To increase the share of renewable energy their sustainable development goals reaffirmed.
2009 annual greenhouse gas emissions to less than to at least 23% of final energy consumption ~ “Mentioned but no numerical targets *Territories (regions, departments, municipalities
2010 140 million tonnes of carbon dioxide equivalent. by 2020. and groups of municipalities) of more than 50,000

inhabitants are encouraged to establish Territorial
Climate Energy Plan (PCET).
*Creation of a regional renewable energy plan

for each region.

*“To increase the share of renewable energies

to 23% of gross final energy consumption in

*Reduce greenhouse gas emissions by 40% *To reduce the final energy consumption ~ *Urban Planning Code is completed and details are
2020 and 32% of this consumption in 2030.
LTEPCV between 1990 and 2030 and divide by four by 50% in 2050 compared to the reference given on the different planning documents such
*In 2030, renewable energies must account
2015 greenhouse gas emissions between 1990 and 2012, aiming at an intermediate objective  as the PLU.
for 40% of electricity production, 38% of
2050. of 20% in 2030. *Creation of "positive energy territories".

final heat consumption, 15% of final fuel

consumption and 10% of gas consumption.

The POPE established France’s energy policy priorities [51] and has made climate change a prior-
ity in energy policy. The energy question is treated in 4 points: national energy strategy, demand side
management, renewable energy and direction of French energy policy. The demand side management
comes in several levels: energy-saving certificates, local communities, energy management in buildings
and consumer information to enable transparency and personal awareness. Renewable energy should
be integrated into housing. The strategic direction taken by France can be summarized in two main ar-
eas: first, it is well organized and ensures consistency between the different policy levels (local-national-
European), and second, it ensures the diversification of the energy supply (maintenance of nuclear power
and promotion of renewable energy)[52]. This law has given rise to the Territorial Climate Energy Plan
(PCET), which are territorial sustainable development projects whose purpose is to combat climate change
and encourage adaptation planning. The intended result is a resilient and robust country that benefits its
population and activities.

These voluntary approaches are at the initiative of local authorities. The PCET is a framework of
strategies at different territory levels to control energy consumption, increase green production and reduce
emissions. This first version of the PCET remains a non-binding approach for communities. Following

that 2005 law, France is developing a "climate plan" that is updated every two years with national measures
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to combat climate change. This plan allowed the transposition of European directives in 2006. Priority
sectors include construction and transportation. It combines regulatory, tax and incentive measures to
limit the energy consumption of these two sectors and promote RES.

In 2009 and 2010 France adopted Grenelle 1 and Grenelle 2 relating to the implementation of the
Grenelle Environment Act. The Act lists a series of measures to implement the 273 Grenelle environ-
mental commitments (a consultation involving various major actors in the territory), held from July to
October 2007. These measures include combating climate change, protecting biodiversity and the natural
environment and risk prevention for environment and health [53]. In addition to the classic measures to
combat global warming, this law clearly links planning and energy by promoting renewable energies in
the Urban Planning Code [52].

Grenelle 2 requires developing PCET for local communities of more than 50,000 inhabitants. This
takes over from the SRCAE. This document contains the guidelines of European directives on climate and
energy at the regional level. This scheme sets out broad guidelines for reducing energy consumption and
preventing greenhouse gas emissions. It is based primarily on an inventory of emissions of greenhouse
gases and chemical pollutants and on a balance sheet of energy production at the regional level. This
scheme must then determine objectives for 2020 and 2050 to curb climate change, mitigate its impact,
adapt to reduce air pollution and set objectives to enhance the use of renewable energies.

In view of Climate Change Conference (COP21) held in Paris in late 2015, France voted on LTEPCV in
August 2015. In roughly two hundred articles, the law aims to strengthen the fight against climate change
and reinforce energy independence by better balancing various supply sources. The measures envisaged
are varied with, for example, the renovation of buildings (renovate energetically 500,000 units per year
from 2017, of which at least half is from low-income households). Another aim is to reduce fuel poverty
by 15% by 2020 [37].

This law has created a label for territories in an energy transition: "Territoire a Energie Positive pour
la Croissance Verte" that means "Territory in Positive Energy for Green Growth" (TEPCV). The objective
is to give an area an impulse to favor a commitment to environmental excellence. A call for proposals
was launched in France in 2015, and of 500 candidacies, 212 territories winners won the TEPCV label.
These territories are committed to a program of measures to achieve the following objectives: reduction
of energy consumption in buildings, reduction of greenhouse gas emissions in transport, more sustain-

able waste management, development of renewable energy, preservation of biodiversity, environmental
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education and citizen participation. In Reunion Island, three territories were awarded the label: CIVIS
(Communauté Intercommunale des Vllles Solidaires), CIREST (Communauté InteRcommunale de I’'EST)

and TCO (Territoires de la Cote Ouest) (see Figure [8)[54].

A

Légende

Intercommunality

] No Label

7] Label laureate: implementation of PCET

[] Label laureate: actions program in positive energy
Municipality

Figure 8: The TEPCV (Territoire a Energie Positive pour la Croissance Verte) laureate of Reunion Island

4.2. Planning document and energy planning

For an application to the territory, the various laws and their principles previously seen are translated

into urban planning documents and energy planning documents that bring a local dimension.

4.2.1. The connections between documents: different possibilities

There are different urban planning documents according to the different scales of application. Their
prerogatives are different but there is a close link between these different documents. Article L. 111-1-1
of The Urban Planning Code introduces a hierarchy between the different planning documents according
to their relations with each other: compliance or compatibility. The concept of compatibility differs from
compliance with the doctrine and jurisprudence by their level of requirements. A compliance relationship
is more demanding than compatibility, which requires that the provisions of a document do not hinder
the application of the provisions of the higher ranking document. Compliance will apply among the law,

the Town Planning Code and planning documents. They must strictly observe the rule of law included
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in legislative documents and the Town Planning Code. Similarly, this conformity will exist between the
planning documents and planning permission: planning permission must, for example, be in accordance
with the PLU. By contrast, there is compatibility between the different planning documents. The lower
ranking document must be compatible with the higher ranking document.

A third type of relationship can be identified between planning documents; in addition to documents
for which a compatibility report is required, the Urban Planning Code stipulates that planning documents
must consider a number of other plans and programs, i.e., not ignoring the general objectives of another
document. This is the case for PCET and SRCAE on SCOT (Territorial COherence Scheme) or PLU Local
Urbanism Plan (in the absence of SCOT).

4.2.2. Overseas region: the three level planning

In overseas regions, there are three main planning documents around which many other documents
revolve (see Figure [9). Each lower ranking document must be compatible with the higher ranking doc-
ument. Around these three documents are the PCET and SRCAE, among others. We describe hereafter

only those documents in which we can identify provisions on energy policy.

The Regional development scheme:

- regional planning document specific to overseas regions;

- basic guidelines of regional planning and environmental protection.
SAR is prescriptive for SCOT and PLU.

The Territorial Coherence Scheme:

-respects the principles of sustainable development (urban renewal,
controlled urban development, development of rural areas, preservation of
natural spaces and landscapes);

- respects diversity of urban functions and social mix;

- emphasizes respect for the environment and energy
management.

SCOT must also take the PCET and SRCAE into account.

The Local Urbanism Plan:

- guidelines for planning and developments

- general rules of land use in the territory

- environmental dimension (energy provisions)

This is the lowest level of planning, level of
exposure to users.

Figure 9: Hierarchy of main planning documents on overseas regions

The SAR includes an important environmental dimension. For example, the SAR of La Reunion, ap-

proved in 1995 and revised in 2011, aims to reconcile population growth (1 million people expected on the
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island by 2030), housing, urban infrastructure and jobs needs while preserving the natural and agricultural
territorial capital. We can see sustainable development reflected through these objectives.

Reunion’s SAR has four main development priorities, including the protection of natural and agri-
cultural areas, the anticipation of climate change by densifying the territory for the better management
of water networks, and the prioritization of basic large-scale energy projects. The document stipulates a
reduction in the share of fossil fuels in energy independence as a major environmental issue for the island.
At regional level, the political commitment to the energy transition is clearly stipulated.

At the scale below, we find the SCOT. This strategic document has a large sustainable dimension that

is visible in the structuring of its composition documents:
« a presentation report, which contains a diagnosis and an environmental assessment
« a development and sustainable development plan (PADD)

« an orientation and objectives document (DOO), which is effective against the PLU, PLH, PDU and
all municipal planning documents as well as major development operations (ZAD (designated de-

velopment area), ZAC (joint development zone), etc.).

A sustainable dimension is also visible on the PLU, which is the document on the finest scale. PLU
documents include PADD and OAP (Orientation d’Aménagement et de Programmation), which is respec-
tively a sustainable development plan and some planning and programming guidelines. These documents
have an environmental dimension by creating energy provisions. Article L121-1 of Urban Planning Code
authorizes the PLU to identify the conditions for ensuring the production of renewable energy. To do this,
the PLU has leverage to impose better energy and environmental performance. It cannot, however, impose
the use of a renewable energy source. It can nevertheless integrate the requirements to ensure a proper
architectural integration of thermal and photovoltaic solar panels with the surrounding environment [55]].
In Article 11.1, the PLU of Saint-Leu indicates that buildings’ roofs must provide for the implementation of
solar panels to produce hot water or photovoltaic electricity, under the optimum orientation conditions,
slope and architectural integration [56]]. Article L 128-1 of the Urban Planning Code provides for a bonus
of up to 30% through the PLU (land use coefficient) for constructions satisfying high energy performance
criteria or fed from equipment for renewable energy production or recovery [55]. Designated at the mu-
nicipal and inter-municipal levels, the PLU is the urban planning document at the finest scale. Any project
subject to planning permission (construction license, conversion permit, preliminary declaration of work,
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and demolition permit) must respect PLU requirements.

4.3. Advances in planning in Reunion Island: a difficult pace to follow

In Reunion Island, urban planning documents, similar to the economy of the island, suffer from delays
in the progress of French legislation in this field. For example, for the smallest scale (municipal), planning
document, the PLU, only 8 of the 24 municipalities have a valid PLU in force. Of the remaining 16 mu-
nicipalities, half still use the PO and the rest have a PLU under revision (revision made useful by new
legislation or revision of a higher ranking document such as the SAR in 2011) (see Figure [10).

Of the five intercommunalities, four SCOTs are required, but only two intercommunalities have a
SCOT in force. Another intercommunality is currently revising its SCOT following the SAR review in
2011. The other one is currently being studied. The PCETs concern all the intermunicipalities in Reunion,
but among them, only three are currently operative. It should be noted that the CIVIS has obtained the
TEPCYV label for the implementation of its own PCET.

On a regional scale, the Reunion SAR was revised in 2011, and the SRCAE was improved in 2012.
From a regional perspective, strategic guidelines exist. However, documents lag behind at smaller scales.
Consequently, at the level of the urban project in Reunion, the urban planning documents to be considered
will not necessarily account for new environmental and energy concerns because the documents in force
do not mention these new considerations. This is a kind of “urbanistic void" (similar to the notion of legal

void).

5Plan d’Occupation des Sols, previous version of the PLU
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Figure 10: Documents prescribed by law and documents currently operative.

The figure[10]demonstrates that the island is not up to date in the deployment of planning documents.
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The multitude of scales and inevitable delays in updating ultimately impede the implementation of terri-
tory projects. Legislation and normative documents relating to the question of energy are numerous in
Reunion, as French territory. Nevertheless, this legislation has produced a multitude of documents, each
corresponding to a precise scale. On Reunion, all these documents are not yet implemented. While some
parts of the territory are following developments, like the CIREST, TCO and CIVIS that followed the ap-
pearance of the TEPCV, other parts of the territory are lagging behind. As shown in figure[10} it is at the
finer scales that the documents are late: on the scales of groups of municipalities and municipalities. There
is also a distinction between pure urban planning documents and energy planning documents: urban plan-
ning documents are more widely deployed than energy planning documents. But since the energy issue
is dealt with in urban planning documents, it is not the energy question that must be questioned. Rather,
it is the lack of resources for implementation, or perhaps even the lack of clarity, for the communities in
charge of implementation. It is a real possibility that this multitude of documents hinders implementation.
An urban project implemented in a specific region will have to respect a certain number of documents,

but these documents will not always be up to date and may occasionally be obsolete.

5. Conclusion and policy implications

This paper examines France’s energy policy and its implications for the planning documents that have
inherited an energy planning issue. Reunion Island, a French overseas region, was able to deploy a incen-
tive legislative package, particularly regarding its commitment to energy efficiency and renewable energy.
This commitment represents big strategic developments in French territories. It requires the support of
planning and urban development documents to integrate energy issues into the planning stages. Small
islands are actually more and more considered as land of opportunities to investigate sustainable solutions
to face the effects of climate change. This paper also explores the great diversity of legislative packages
and their translation into planning documents. A multitude of measures and scale can complicate the
single objective: to make energy transition successful. Political commitment is real. In practice, there has
been a delay in Reunion in measure implementation, particularly through planning documents. Of the
twenty-four municipalities that make up the island, in 2016, 8 had still not approved their Land Use Plans
(scale directly above urban project). The legislative and policy frameworks seems to be not sufficient to
achieve the energy transition on Reunion Island. This paper also presents the island’s energy mix and

highlights its potential. History has shown the strong desire of the island to use RES and energy manage-
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ment. Reunion was almost energy self-sufficient in the 1980s because of its hydroelectric power stations.
Similar to many islands, Reunion has real potential for the development of renewable energy, but the large
population growth has relegated energy concerns to the background of the island’s development concerns.
Energy is becoming a secondary concern for the development of the island. Population growth has made
it necessary to import fossil fuels to meet the growing demand. Reunion, however, has strong potential
for the development of RES, particularly, hydroelectric, biogas, photovoltaic, solar thermal, wind, ocean
energy and geothermal. This slowdown is structural because it is not visible in the policies or the com-
mitment of the research and development sector, where the will to make energy transitions successful is
clearly highlighted. In the next few years, the island must be able to both absorb the growing population
and successfully engage in energy transitions. Thus, the current model of development is unsuitable and
urban planning and urban projects (notably urban renewal) need revising, including new practices (energy

consumption and production).

RES deployment in Reunion Island is linked closely to incentives. This deployment goes through
mechanisms, such as the Feed-In Tariffs (FiT) or green bonds ..., which place RES outside the electricity
market and guarantees producers stable tariffs over most of the lifetime of their system. This mechanism
has been progressively removed by the government on Reunion Island. However, due to the small size
of the island market, it is important to have financial support from the government. More generally,
renewable energy is experiencing progressive investment, with an increase in investment according to
the interests of the investors involved. A key point is to find innovative funding solutions that promote
RES.

The paradox is the fact that by maturing, renewable energy must gradually become part of the market,
thus potentially increasing the risks taken by investors. The current regulatory developments therefore
appear to be changing the field for energy transitions and giving rise to innovative financing solutions

that are to be encouraged to eventually achieve the ambitious objectives needed.
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