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Abstract: Succeeding energy transition is the current challenging objective of many remote islands
such as Reunion Island to reduce their dependency to fossil resources. To define an efficient energy
framework strategy for the territory, it is important to be able to assess the electricity consumption
intensity per typology of consumers. A particular attention must be paid on building electricity
consumption in energy planning scenarios. This paper proposes to investigate the electricity
consumption ratio per square meter per building type which appears as a relevant indicator. The
proposed methodology aims at filling the lack of data (ratio kWh/m?/ type of consumers) when this
information doesn’t exist for a territory. This type of ratio can be useful in two ways: on the one
hand to characterize the building energy demand, and, on the other hand, to understand the
consumption mode of the inhabitants. We can therefore provide future energy policy framework in
favor of demand-side management what is a key step, a lock to solve for the deployment of
sustainable cities. This work calculates electricity consumption ratios per area by using a
GIS (Geographic Information System) method, distinguishing the type of building. The case of
Reunion Island is studied and four building categories are identified corresponding to the functional
characteristics such as industry, administration, companies and residential. The results highlight that
residential sector has one of the lowest electricity ratios with a value of 29.84 kWh/m?, but also the
highest part of electricity consumption, 45.2%. The different ratio value has been cross validated by
estimating municipalities electricity consumption based on the distribution of consumers and the
associated ratio.
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1. Introduction

Energy efficiency and greenhouse gases reduction of new buildings are key objectives of
international, national and local policies that aim to decrease electricity use in buildings. In France,
the first regulations in this direction followed the oil shocks of the 1970s and the French
government’s desire to secure its energy situation. To secure its situation, it sought to reduce demand
on the one hand and launched its nuclear program on the other. The first thermal regulation of
buildings (RT1974) in France sets a target of reducing the energy consumption of buildings by 25%
compared to the standards in force since the end of the 1950s [1]. This first objective was
subsequently updated by a fairly rich French legislative package: LAURE, the French Law on Air
quality and the Rational Use of Energy [2], POPE, the Energy Program Act [3], ENE, the Grenelle 11
law [4], TEPCV, the law on energy transition for green growth [5]. This thermal regulation was
followed by numerous updates. The RT2012, currently in force, will be soon replaced: a RT2020 is
planned. These objectives of energy saving in buildings are well present in the French energy policy
and in order to help implement this policy it is important to characterize the consumption of
buildings by distinguishing in particular their function: tertiary, industrial and residential. This type
of characterization is generally done by energy agencies such as the IEA (International Energy
Agency) or ADEME in France.

Buildings are the main consumers of energy in our modern societies and acting on them is
unavoidable [6]. In France, the residential-tertiary sector is the main consumer of final
energy (45%) [7]. This shows the importance of studying buildings and the interest of differentiating
buildings, according to their function [8]. Studying the characteristics of buildings for the analysis of
their energy consumption and their carbon emissions is common in the literature [9] and especially in
the study of housing [10].

Our work focus on the final energy consumption in buildings, but more particularly on
electricity consumption on Reunion Island. This type of data is actually produced at the national
level, but most of it does not exist in the ultra-marine territories, which nevertheless benefit from
their own thermal regulations with regard to their specific climatic characteristics. The energy
question is assessed at different scales. At the regulatory level, coherence must exist between the
different levels: international, national and local. For territories such as island territories, the local
part is of particular importance, especially when the territory is attached to a distant metropolis.
Energy issues are certainly international, at the local level the stakes can be very diversified.
Nevertheless, local planners are regularly confronted with a lack of data on these energy issues [11].
By combining electricity consumption data by type of consumer and GIS data produced by a local
energy agency (SPL Energies Reunion) [12] and the IGN (National Institute of Geography)
respectively, we propose new methodology to define consumption ratios by highlighting the different
building functions. The interest of the work is twofold: initially, it is a matter of creating a data still
non-existent on the island. On the second stage, this work should be seen as the answer to a broader
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problem: urban planning in a context of ecological transition where the issue of energy is central.
The urban planning represents an effective tool to improve the sustainable development and
produce/favor the emergence of energy-efficient cities [13]. A first work to characterize the
consumption of electricity has already been carried out on Reunion Island: the work was done at the
municipal level and highlighted the determinants of electricity consumption [14]. The objective is
now to refine the scale and highlight consumption ratios by type of surface. Instead of considering
communal consumption, we consider the consumption by type of consumer, which allows, by
crossing with the building databases of the IGN, to produce the ratios. The first work allowed a
classification of the municipalities, the present work should make it possible to produce a new
visualization of the spatialized consumptions of electricity.

2. Methodology
2.1. Context: Reunion island, a small island facing the challenge of energy transition

The work concerns the island of La Reunion which is characterized by a particular economic
situation. The island is a French overseas department widely sustained by the French government. It
is the tertiary sector that dominates the economy of Reunion, with 83.6% of GDP in 2014. The
agricultural and industrial sectors are thus down with respectively 1.4 and 7.7% of GDP.

Another main characteristic of the island of Reunion is its steep relief: this forces the population
and the activities to gather on the littoral and especially on the west coast (see Figure 1).

Legend
1 Buildings
Towrship

Figure 1. Spatial distribution of buildings.

Reunion Island imports most of its energy resources, including 65% of petroleum products used
in transportation, power generation, agriculture and industry. In 2015, the supply of fossil fuels is
1,238.8 ktoe. The local electricity production from renewable resources is 196.4 ktoe, with bagasse
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and hydraulics as major resources (54% and 22% of local resources respectively). As regards
consumption, in 2015, the island shows a primary energy consumption of 1,411.2 ktoe [12].

Like many islands, Reunion Island faces a major problem: the electrification of its rural areas.
This type of area is difficult to access, and low density does not provide a cost-effective electricity
service for the providers from the global network. Decentralized management of these areas in terms
of electricity is often more profitable [15], but the level of poverty of the type of households residing
in these areas does not always allow autonomous management [16,17].

2.2. The purpose of a GIS approach

The GIS approach is a useful approach for both quantifying and qualifying a phenomenon. The
integration into a single system of analysis of models directly connected to real data facilitates the
appropriation of the problem by different stakeholders and consequently permit the development of
policy [18]. The GIS approach can build territorial development strategies, develop evolution
scenarios and thus improve the process of policy-making.

GIS represents an important analytical potential for the study of energy at the scale of a territory,
whether for application to renewable energies or for the modeling of energy consumption [19]. In the
scientific literature, it is easy to distinguish several categories of GIS-based models that highlight
their potential for urban and energy analysis and policy-making. Indeed, much work has focused on
the study of renewable energy potential, whether it is about the solar resource [20-23], the wind
resource [23-26] or coupling different resources [27,28]. A number of others studies have focused
on urban building energy consumption and microclimate [29-32].

Finally, other work has focused on the spatial study of energy consumption and carbon
emissions [33,34].

GIS-based analysis can also be coupled with BIM analysis, as can be demonstrated by recent
work on the smart city and urban energy [35] or the connections between a building and its direct
urban environment [36].

Since the end of the 1990s, Reunion Island has embarked on an intensive policy to achieve
energy autonomy. Promotion of renewable energies, generalization of solar water heaters, coupling
of renewable energies with the productive activities of the territory, notably agricultural, energy
renovation of buildings, actions to promote energy autonomy are diversified. These efforts have
made it possible to achieve a suitable level of green electricity production: in 2015, renewable
energy accounted for 36% of electricity production in Reunion, for a total delivered value
2891.3 GWh. Projects for the energy renovation of housing units and the installation of solar water
heaters throughout the island to reduce electricity consumption are two axes of a clean policy at the
local level: integrating the inhabitants into the energy transition. Indeed, the political authorities raise
the importance of integrating the population to make this transition a success. Understanding the
consumption of the population is an essential element to better guide them towards change while
continuing to meet their needs. An advantage also lies in the ability to locate this consumption. In
Reunion, this type of data is not available to the public and must therefore be reconstituted. The
method of reconstruction by GIS makes it possible to consider the existing and thus offers a faithful
description of the reality.
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2.3. Data collection and main assumptions

The objective of this work is to calculate electricity consumption ratios per square meter of
built-up area (distinguishing the type of building) by year. In Reunion, there are consumption ratios
per inhabitant, but there is no ratio by type of building. However, this type of ratio could make it
possible to better simulate urban sprawl or densification by combining electricity needs. The ultimate
goal is therefore to forecast the electricity needs of the territory down to the finest possible scale: the
building. Two information is needed to calculate this ratio: information on electricity consumption (GWh),
and information on the type of building (m?). For the consumption of electricity, the examination of
the BER data was used. For the building surface data (and the typology), it is the INSEE, IGN and
Agorah data coupled with the author’s knowledge of the territory (see Figure 2).

— Big consumers

I Local authorities

Professional
customers

. Private customers

Ratio kWh/m?

— BATI_INDIFFERENCIE

I

BATI_INDUSTRIEL

Atlas of economic

Agorah

Census

Created surfaces

0

Result IETRELIO 15 Data sources Data
be collected

Figure 2. Methodology.

The work is based on a GIS based method and propose a ratio of energy consumption per unit
area (kWh/m?/yr). The ratio will also allow distinguishing the type of building. The buildings of the
whole territory of Reunion Island are considered. These buildings—which are assimilated to
EDF (Electricité de France: Historical electricity supplier in France) “customers”—are segmented
into four categories in the Reunion Energy Review (BER) of the Energy Observatory Reunion led by
SPL Energie Reunion (see Figure 3):
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(1) big consumers, who represent manufacturers, hospitals and airports;

(2) local authorities which means all the premises of the devolved and the decentralized
administrations of the French government (Town halls and their annexes, intercommunal bodies,
prefectures and sub-prefectures, regional council...), and schools (nursery schools, elementary
schools, secondary schools);

(3) professional customers: companies;

(4) private customers: residential customers.

Private customers represent the majority of customers with 329,087 customers out of a total of
370,397, accounting for 45.2% of total consumption (the largest consumer item). The smallest
consumer item is local authorities with 16.7% of consumption. It should be noted that the big
consumers (hospitals and industry) represent only 1440 customers but 34.6% of consumption. This
suggests that the big consumer category should have the highest consumption ratio per unit area,
while individual customers should have a much lower ratio.

Thus, the electricity consumption data are taken from the BER and the data on the surfaces must
be produced.

100% ﬂ
7 570

90% |

80% | 920.3

70% |

90. 1 I
60% -
u Big consumers

u Local authorities

329 087 Professional customers
= Private customers
452 % 1201.8

Number of clients Share of consumption GWh

50% |

40% -

30% |

20% |

10% -

0%

Figure 3. Customers segmentation and share of consumption (2015) Source: EDF-OER.

The methodology proposed is the use of GIS, and more particularly of free and open source
software, Quantum GIS (QGIS). It consists of inventorying existing buildings using the IGN’s
topographic databases: “BATI INDIFFERENCIE” and “BATI INDUSTRIEL”. To complete the
analysis, we use the databases of the census led by the INSEE (National Institute for Statistics and
Economic Studies) (RGP on 2013) which supplies data on the number of housing by IRIS
zones (statistical division of the French territory).
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One of the difficulties of the work rests on the identification in the layers of the IGN of the
categories of building by segmenting into four categories (corresponding to the types of customers
identified by EDF).

The buildings of the four categories of consumers considered belong to different vector layers:
(1) for the big consumer category: manufacturers correspond to the “BATI INDUSTRIEL” layer;

the hospitals are identified in the “BATI INDIFFERENCIE” layer and the airports are

identified in these two layers. The identification work has been easy here, due to the small
number of buildings to be treated and the knowledge of the territory.

(2) for local authorities: the majority of local authorities is in the “BATI INDIFFERENCIE” layer.
The comparison between the total number of local authority customers provided by the BER
and the number of customers (buildings) obtained by mapping was necessary for the treatment
of this category. The analysis was complemented by the census of the premises on the official
websites of the institutions.

(3) professional and private customers correspond to all remaining buildings.

It is therefore on these two latter categories that the work has been more complicated, because
belonging to the same layer which is by definition undifferentiated.

For each of the categories of consumers, the buildings missing from the initial layers had to be
created.

All the filters and layer mergers that the job required were performed on QGIS. The creation of
four vector files corresponding to the four categories of consumers is the basic element for the
calculation of the occupied surfaces. For the calculation of the surfaces, it is done by the addition of
a new calculation field in the attribute table.

2.4. Special cases

The categories of professional customers and private customers were the most complex to deal
with because the vector files of the IGN do not bring any distinction between those two categories.
Two possible methods have been identified to separate these two categories. The first is based on the
use of information from INSEE and DEAL on the number of dwellings (individual and collective,
social and private) to determine the area of residences and then deduct the area of businesses. The
second method is based on the use of GIS by considering the total area of firms based on hypotheses
based on the work of the Agorah (Regional planning Agency) and the IGN’s data and then deduct
the area of dwellings. The second method has brought the most satisfaction in terms of precision.

2.4.1. Professional customers

The treatment of this category consists of determining the surface area of buildings of
professional clients. To achieve this, the method was to cross two databases:
(1) the basis of the Atlas of economic land produced by the Agorah, which necessitated the creation
of 115 zones of activities on QGIS with the help of the IGN Parcel Database.
(2) the base “surfaces_activites” of the IGN Carto database.
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The crossing between these two bases and the database including the building made it possible
to collect the buildings hosting companies.

The selected buildings then required treatment. Indeed, the hypothesis advanced is that an
entity (a building on the vector file) represents a company or a customer. However, the BER informs
about the number of professional clients on the island. In addition, NFX35-102 recommends
precisely the dimensions of office work spaces and a minimum space of 10 m* (Service-public-pro.fr,
2016). All entities whose surface area exceeds 10 m” will then be retained. Thus, the area of firms
obtained by mapping is thus the sum of the surfaces of the buildings greater than or equal to 10 m?.
The average area per entity was then calculated. The BER data and the number of entities obtained
from GIS differ. In order to complete the analysis and obtain a total surface area, this difference was
multiplied by the average area per entity. The addition of this latter calculation thus makes it possible
to obtain a total area occupied by the businesses.

2.4.2. Private customers

The processing of this category comes last. It results from the subtraction between the total
building and the building corresponding to the categories big consumer, local authorities and
professional customers. The problem at this stage is related to the GIS analysis. In fact, only surfaces
on the ground are obtained. However, for the housing category it is necessary to consider several
levels of floors.

No database is able to obtain this type of information. Therefore, a coupling between the INSEE
housing data and the surface data is required. In order to consider a number of floors to be allocated
to IRIS, it is necessary to consider the diversity of IRIS and thus to produce classes of IRIS.

To do this, we proceed by learning data: a classification by Natural Ruptures (Jenks), a
discretization method which consists of minimizing intra-class variances and maximizing inter-class
variances, was carried out under QGIS and 11 classes are highlighted. For the learning, the
IRIS-Habitat of Saint-Denis are used. The Habitat type is chosen because the treatment takes place in
the category of dwellings, the commune of Saint-Denis is selected because the first 9 IRIS the
densest in terms of housing belong to this commune.

Thanks to the classes identified by QGIS, we then allocate a number of floors thanks to a field
analysis. This number of floors remains an average and IRIS zoning leads to a bias in the analysis (a
density on the island would have been more judicious, but the data does not exist).

The following map summarizes the result of the processing of this category (Figure 4). The
classification thus carried out reveals two zones of high density in the North and West of the island
and some areas of medium density in the South.
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[ IRIS of Habitat type
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Figure 4. Classification of IRIS by density of residence.

3. Results

An analysis of the entire island structure was carried out and showed a total construction area of
5,515 hectares for a total consumption of 2,657.2 GWh for 2015. This represents an overall
consumption of 76.94 kWh/m?*/yr for all sectors combined. This represents 370,397 customers
throughout the territory. The results for the four customer categories are presented in the following
table (Table 1).

Table 1. Consumption (2015), area and ratio by customers type.

Customers category Customers type Electricity consumption  Area (m?) Ratio (kWh/m?/yr)
(GWh, 2015)"
Big consumers industries, hospitals, 920.3 5,038,588.000 182.65
airports
Local authorities Administrations, 90.1 3,260,351.336 27.64
annexes, schools
Professional businesses 445 6,578,735.574 67.64
customers
Private customers residences 1,201.8 40,276,767.000  29.84
Total 2,657.2 55,154,441.910  48.18

" source: (Observatoire Energie Réunion, 2016)

AIMS Energy Volume 6, Issue 3, 436-452.



445

Big consumers logically display a higher unit consumption with 182.65 kWh/m’. The
municipalities with the highest consumption are also the most endowed by the area occupied by big
consumers (Figure 5).

N Legend

Big consumers area (m?)
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Saint-Benoit
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Figure 5. Electricity consumption and big consumers.

Local authorities have the lowest ratio. This is easily explained by the way in which the
administrations and schools run: the premises are open only a few hours a day (about 10 hours a day)
or even a month (especially for annexes and even schools that are closed weekends and several
weeks a year).

Professional customers have a high ratio of 67.64 kWh/m”. The mode of operation is necessary
energy-intensive for this type of consumer, especially because of the use of specific equipment.

Finally, private customers have a ratio of 29.84 kWh/m®. This ratio is close to the ratio of the
BER (with an error of less than 5%), which makes it possible to validate our methodology.

4. Discussion

The “BBC” standard (low energy consumption building standard) imposed by the 2012 thermal
regulation in France means a set of measures to be taken on new buildings designed to reduce the
consumption of these buildings by 80% compared to a standard building. It then imposes a
maximum consumption of 50 kWh/m? per year: this includes ventilation, heating, refreshment,
lighting and hot water. In France, in 2011, ADEME stressed that electricity consumption in the
residential sector was estimated at 30 kWh/m® for buildings located in mainland France, which
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represents 16.13% of energy consumption [37]. The residential ratio produced for Reunion is
consistent with the ratio announced by ADEME for metropolitan France, with an electricity
consumption ratio of 29.84 kWh/m® produced by our study. In 2015, the BER also produced a
residential ratio of 31.37 kWh/m® [12], validating the product ratio in our study with a margin of
error of less than 5%.

In order to complete our analysis and validate our work, we compared the real municipal
consumption (BER) and calculated municipal consumption.

The calculated consumption is the product of the consumption ratios and calculated areas of
each consumer category. Figure 6 presents the comparison between the real consumption and the
calculated one for all the municipalities of Reunion Island. In the bottom of the plot, a histogram
shows the residual for each municipality. The obtained R is 0.97, and the RMSE is 22.8094 for a
real value that varies between 9 and 524 GWh. The result is satisfactory with a maximum absolute
error of 53.90 GWh for Saint-Paul and a minimum absolute error of 0.11 GWh for Saint-Leu and an
average of 16.72 GWh (Figure 6). This corresponds to an error of 560,320 m” of residential area or
1.69% of the total residential area.

We can see three types of municipalities: some, for which the estimate is correct (Sainte-Rose,
Saint-Philippe, Cilaos for example); others where consumption is underestimated (Saint-Denis,
Saint-Pierre, Saint-Paul for example) and others where consumption is overestimated (Le Port,
Tampon, Saint-Joseph).

Municipalities whose consumption are underestimated correspond to the major poles of the
Island: Saint-Denis, Saint-Pierre and Saint-Paul are the most important urban centers on the
island (Figure 7). The extent and complexity of information concerning these poles are therefore
probably at stake: these communes deserve a more detailed work with segmentation in city block for
a more detailed analysis of the building frame.
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Figure 6. Calculated and real consumption by municipalities.
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Figure 7. Representation of urban areas.

While the population is the largest share of electricity consumption (45.2 %), it has one of the
lowest unit consumption ratios (Figure 8). This confirms that the population is one of the main
determinants of the island’s electricity consumption [14]. Indeed, the economic organization of the
island, with essentially tertiary and a strong economic dependence on France, suggests the weakness

of energy-consuming sectors such as industries.
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Figure 8. Segmentation of customers: surface, share of consumption and ratio.
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The following map shows the spatial distribution of different categories of consumers. The
abundance of residential areas is evident in comparison with other types of consumers (Figure 9).
The zones corresponding with the large consumers are distributed very unevenly in the territory with
a concentration in the cities of Le Port, Saint-Denis and Saint-Pierre. The same applies to the areas
occupied by enterprises: the same three zones have been identified in the north, south and west of the
island.

Not surprisingly, we can see very clearly that private customers dominate the territory. Our first
work to characterize electricity consumption at the municipal level showed that the estimate of
electricity needs could indeed focus on the population [14]. This second work is in addition to
confirming the importance of the population in the consumption of electricity because of their
number, to locate more precisely on the island the electricity needs. Thus, the points of the most
consumer and least consumer territories are highlighted. The map shown in Figure 9 could be a great
tool for energy planning.

N Legend

*

Big CONSWIMErs
B Local authorities
Professional customers
B Private customers
Township

Figure 9. Spatial distribution of the customers.
5. Conclusion

The scope of this work was to produce electricity consumption ratios per square meter of
building based on a new GIS approach by segmenting buildings, according to their function: housing,
industry, administrations and businesses. These categories correspond to the categories of consumers
defined by the electricity supplier: EDF. Their unequal distribution on the territory and their different
consumption patterns make it easy to distinguish several consumption ratios. These ratios are based
on their distribution on the ground, obtained by mapping, and augmented by hypotheses on the
number of floors. The ratios obtained correspond to expectations: the ratio of large consumers is six
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times higher than that of private customers, the ratio of enterprises is double and the ratio of local
authorities is the lowest.

This work is a first attempt to calculate the ratio of electricity consumption per square meter of
building. It develops a method using GIS as the basis of calculation. The method allows
compensating the lack of information on energy consumption on a territory. It is particularly useful
for energy planning scenarios to decrease electricity demand. Most of studies are focused electricity
demand per capita, and energy scenarios are mainly based population growth on territory. This
article has shown that population is indeed the determinant of electricity consumption. However, it is
necessary to consider all economical sector to build a real scenario that takes into account different
activities development such in industry or tertiary sector. Our method is very useful for territory that
doesn’t have any data ratio of electricity consumption by sector and allows in the same to building
more accurate scenario.

For further work, it would be useful to define control buildings by consumer categories in order
to analyze the actual consumption of these buildings. A second track of deepening would be the
analysis of the age of the buildings. Indeed, with the evolution of construction standards, with
reference to the various thermal regulations, buildings built today consume less energy than those
built ten years ago for example. As we are interested in the way to challenge energy transition, this
methodology will be repeated over years, if in the case of a residential or tertiary sector a decrease is
actually noticed. The ratio could be used by energy planners as an indicator of success of electricity
consumption reduction.

Finally, the most significant point of the ratio is the fact that the information is brought for a
typology of the building. This choice was not harmless, because urban development strategy is
basically based on urban sprawl or densification, which means most of the time: building area. It
seems to us more convenient to define this ratio per sector of activity for better energy planning
scenarios modeling.

Electricity consumption represents 37% of the energy consumed in residential and commercial
buildings in France in 2012 [37] and 23.1% of total energy consumption in Reunion Island in
2015 [12]. The increasing trend in energy consumption of buildings will continue over the next few
years due to the expansion of the built area and associated energy needs, as long as resources and
land allow. The private initiative, in conjunction with government intervention through the
promotion of energy efficiency, the limitation of energy consumption and social awareness of the
rational use of energy, will be essential for a future sustainable energy supply. Thus, the effort to
conserve energy in residential, commercial and industrial buildings, while maintaining an optimal
indoor environment, is an ongoing struggle to minimize dependence on fossil fuel sources. It also
makes it possible to secure the energy balance and reduce the environmental impact of fossil fuels by
reducing greenhouse gas emissions.
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