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Abstract 

Nowadays, the matters of global warming along with fossil fuels depletion are more and more on our 
agenda. The energetic worldwide issue is an even more important stake than ever before. A change from 
thermal to electrical mobility could be an option to reduce both the use of fossil fuels and CO2 emissions. 
There are currently large public debates around the world on this sensitive topic. In France, political 
signals are being set to promote the deployment of electric vehicles, considered as a key solution for 
sustainable transport development given that the French electricity generation is characterized by a 
particularly low carbon emission. 

Nevertheless, the context of isolated systems and notably French islands is definitely specific. Compared 
to continental areas, the grids are fragile, the electricity generation costs are high and the part of fossil 
fueled power plants is significant. Consequently, the e-mobility development in these particular territories 
has to face unique challenges from technical, economic and environmental points of view. 

The goal of this master thesis is to develop and integrate innovative charging solutions based on both 
renewable energies with storage and smart grid technologies aiming at making possible the electric vehicles 
integration in island electric systems and reducing their economic and ecologic impact.  

Reunion Island, one of the French overseas departments, will be used as a case study and an illustration of 
the benefits of these different innovations.  

 

Keywords: Electric vehicles, island grids, smart charging, renewable energies, energy storage, energy mix, 
CO2 emissions 
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Introduction 
 

 

1.  Company presentation 
EDF (Electricité De France) is a French electric utility company headquartered in Paris, 
France. The company employs 154,941 people and is engaged in power generation, 
transmission and distribution as well as energy supply and trading businesses both inside 
and outside France. EDF is the world’s largest producer of electricity. It is active in such 
power generation technologies as nuclear power, hydropower, marine energies, wind 
power, solar energy, biomass, geothermal energy and fossil-fired energy. Gross installed 
capacity of the company by the end of 2013 stood at 140.4GW, which included 53% from 
nuclear power. It generated 653.9TWh of electricity for 39.1 million customers during the 
year [1].  

 

2.  Department presentation 
EDF-SEI (Insular Energy Systems) is the direction responsible for the power system stability 
and electricity supply of Corsica and the French overseas departments (Guadeloupe, 
Guyana, Martinique and Reunion). With 3100 employees and about 1.1 million customers, 
EDF-SEI also owns 2000MW of installed power (fossil-fired energy and hydropower). The 
electricity generation mix is definitely specific compared to mainland France with mainly 
fossil-fired energy, no nuclear power and an important part of renewable energies (more 
than 30%).  
The master thesis has been conducted in the Smart Grids team of this department, in charge 
of experimentations and deployment of innovative technologies such as renewable energy 
integration (storage), micro-grids, smart meters, demand response and electric vehicles. 

 

3.  Master thesis context and objectives 
The Smart Grids team is in charge of the electric vehicles topic and especially their 
challenging integration in the isolated grid systems. To this end, the team has to conduct 
impact studies, communicate the results and their associated recommendations, control the 
e-mobility deployment, participate to existing external projects and conduct its own 
experimentations. 

https://en.wikipedia.org/wiki/Nuclear_power
https://en.wikipedia.org/wiki/Hydropower
https://en.wikipedia.org/wiki/Wind_power
https://en.wikipedia.org/wiki/Wind_power
https://en.wikipedia.org/wiki/Solar_energy
https://en.wikipedia.org/wiki/Biomass
https://en.wikipedia.org/wiki/Geothermal_energy
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A previous master thesis had been done on the same topic [2], focusing on the impact study. 
The main results, which are briefly mentioned in this report, are the deployment scenarios 
(see Figure 1), the economic impact (electricity generation costs, see 3.2.1) and the 
environmental impact (greenhouse gases emissions, see 3.3).   
Moreover, a pilot experiment, described below, had been conducted on Reunion in 
2012/2013, leading to some interesting results and exploitable charging infrastructures.  

Thus, this master thesis meets several aims. The first one is to update and complete the 
impact study (grid reinforcement costs, see 3.2.2). The second one is to work on innovative 
solutions to control and minimize these impacts (technological survey, simulation tools 
development). Finally, the last objective is to apply these functionalities to a new EDF-SEI e-
mobility project in Reunion Island (2015).   
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Methodology 

The first step was to make a technological watch about electric vehicles, charging 
infrastructures and insular electricity grids in general. Once done, it was necessary to 
investigate more particularly the previous works made by EDF-SEI on the topic: context, 
impact study and pilot experiments results. A continuous collaboration with the different SEI 
islands allowed the establishment of new technical specifications (required functionalities). 
Given the news, it has been decided to focus especially on the case study of Reunion Island. 
Nevertheless, the idea was to develop new solutions and their associated tools in a way that 
it could be used in all situations (other conditions and/or other territories). The last task was 
to begin the implementation (project) and analyze the first feedbacks. 
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EV integration in French islands - 
Challenges 

 

1.  The growing interest in e-mobility  
 

In France, seen from the end user’s perspective, the cost of electric driving is highly 
attractive with about 2€/100km, compared to approximately 12€/100km for a conventional 
diesel fueled car. Not to mention, the French government has established incentives (an 
interesting premium under a “bonus-malus” system) to efficiently promote the introduction 
and adoption in the mass market of electric vehicles. This positive political signal is based on 
the fact that the metropolitan France electric mix is really suitable. Indeed, with more than 
85% from nuclear and hydro power, the carbon emissions are particularly low. Moreover, 
electric vehicles are also attractive as a way to cut down on smog and even noise pollution in 
urban areas. 

 

This development does not only concern metropolitan France and the islands are also a 
potential market. The main shortcoming of electric vehicles, their limited range, has a lower 
impact there given the small sizes of these territories and the suitable road networks and 
landscapes they have. E-mobility is also seen as a real opportunity to generate new jobs and 
decrease the fossil fuels dependency. Last but not least, the islands benefit from the same 
government incentives as metropolitan France.  

 

Based on various hypotheses and previsions, different deployment scenarios (low, median 
and high) have been established [2]. Regarding Reunion Island, the results of this study are 
shown on Figure 1: 
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Figure 1 : Estimated evolution of the number of electric vehicles in Reunion Island [2] 

 
Consequently, automobile manufacturers actively try to introduce their electric vehicles in 
the French overseas departments.  

Nevertheless, despite some manifest advantages, a massive large-scale and uncontrolled 
influx of all-electric vehicles would represent a challenge, not to say a risk, for the stability of 
island electric systems. 

 

2.  The specific features of insular electric systems 

2.1. Technical aspect: fragile electricity grids 
Insular electric systems are mainly characterized by: 

■  Relatively small size and no interconnection to larger continental grids 

■  Deeper and more frequent voltage dips and frequency drops resulting in more   
frequent emergency electrical load-shedding  

■  Important development of intermittent renewable energy sources (wind and solar) 

■  Frequent extreme climatic events (such as cyclones) 

■  Marked evening peak period 

■  Fragile balance between demand and production 

■  Therefore, a more important risk of blackouts 
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2.2. Economic aspect: high electricity generation costs 
The particular context of insular territories necessarily leads to much higher electricity 
generation costs than those in continental France. However, the electricity tariff equalization 
imposes identical retail prices. A tax called “Contribution to the Public Electricity Service” 
(CSPE) and paid by all over France electricity consumers, compensates the difference 
between selling prices and generation costs.  

 

2.3. Environmental aspect: high carbon energy mix 
In spite of the renewable energy development, the part of fossil fueled power plants is still 
significant. In the case of Reunion Island, the share of fossil energies represents 
approximately 67% of the total electricity production in 2014. 

 

 

 

Figure 2 : Fuel mix of power generation, Reunion Island (2014) 
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Bagasse is a fibrous material leftover after juice is extracted from sugarcane, used as a 
biofuel. 
Using electricity production data and the emission factors of power plants, the average CO2 
content of one electric kWh in Reunion Island can be estimated at 820 gCO2eq/kWh in 2014. 
By contrast, the value is about 70 gCO2eq/kWh in mainland France. 
 

 

3.  The consequent impacts of an uncontrolled EV 
deployment 

 

3.1. Technical constraints 
As previously mentioned, the island’s electric power systems are really fragile. The 
integration of a new use of electricity like e-mobility would represent a real technical 
challenge. 
One can observe that the demand curve for electric vehicle charging matches the total load 
curve, accentuating the evening and, to a lesser extent, the morning peak periods. The 
following graph shows an example of the distribution of personal-use electric vehicles 
charging periods throughout the day, based on experiments in Reunion Island: 

 

Figure 3 : Example of the distribution of personal-use electric vehicles charging periods 

 

Thus, given the limited margin between demand and production, the increase in electricity 
consumption due to electric vehicles would potentially result in both: 

■  additional electricity generation units and especially peaking power plants 

■  grid infrastructures reinforcement   
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3.2. Economic impact 

3.2.1. Additional electricity production 
The economic model of EV charging can be summarized as follows: 

 

Figure 4 : Economic approach of EV charging 

 

The Figure 4 highlights the fact that limited fuel expenses for the end user are offset by public 
taxes (CSPE).  

In the French island territories the electric system management is ensured by the EDF 
dispatching center which strictly respects the established merit order with the objective of 
minimizing the cost of electricity production. This is a way of ranking available sources, 
based on ascending order of price. The power plants with the lowest marginal costs (the cost 
of producing one more kWh of electricity, in €/kWh) are the first ones to be requested to 
meet demand while those with the highest marginal costs are the last. Renewable sources 
such as wind and solar energy are fed into the grid according to a national regulation which 
gives them priority independently of the merit order.   
This marginal approach is also used to evaluate the economic impact of additional electricity 
demand caused by electric vehicles charging. Depending on the charging time, the cost of 
electricity production can widely vary. During peak demand periods which are mainly 
covered by expensive fossil fueled power plants (diesel, gas turbines), the costs can be more 
than six times higher than during off-peak periods. 

Thus, on average, simulations based on the deployment scenarios and consumption curves 
(14 000 km per year, the average annual distance travelled by light vehicles in French 
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Islands) with their associated marginal costs have shown that one electric vehicle in the 
French islands would lead to an increase of the CSPE fund of about 600€ per year [2], if no 
particular charging procedures were followed. Such an increase would clearly go against the 
joint effort of industrial and public players for the last years whose goal was to enhance 
energy efficiency and reduce the impact on the CSPE compensation fund. 

 

3.2.2. Grid infrastructures reinforcement 
In parallel, the required grid infrastructures deployment (charging points, grid connection or 
grid reinforcement) would represent additional costs for the collectivity as well (TURPE tax). 
A study has been conducted during the master thesis to evaluate these costs over a five 
years horizon (2020) in all the French islands. The presented results are those of Reunion 
Island. 

A set of assumptions have been made (Table 1, Table 2 and Table 3), based on forecasts and 
thanks to a collaboration with EDF departments specialized in grid infrastructures [3]. 

Given the fragile electricity grids of island systems, it is necessary to prioritize slow charging 
and minimize fast charging, which represents a real threat to grid stability. 

Table 1 : Distribution of charging points according to the charging power and the type of site 

 

Since an electric vehicle can be charged at different places, the considered number of 
charging point per electric vehicle is higher than 1. For instance, a personal use electric 
vehicle can be charged at home but also in public space or at the workplace (1.5 charging 
point in total). 

Table 2 : Number of charging point per electric vehicle according to the use 
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Two different kinds of works are potentially required to implement new charging stations: 

■  a simple grid connection 

■  a  grid reinforcement and extension 

 

The probability to need to perform work have been assumed: 

  

Table 3 : Grid connection or reinforcement probabilities according to the charging power and the type of site 

 

 

As the required power for medium and fast charging is very demanding, both grid 
connection and reinforcement are necessary (100%). 

 

The results of this study give the number of charging stations that need to be installed to 
answer the needs of the e-mobility deployment in Reunion Island (see Figure 1): 

Table 4 : Number of charging stations that need to be installed within 2020 in Reunion Island (high scenario 
deployment) 

 

 

Finally, costing assumptions are made regarding charging stations, grid connection and grid 
reinforcement as function of the area (rural, urban or peri-urban). Given the higher logistical 
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and supply costs and the significant proportion of rural areas in the French islands compared 
to mainland France, grossing-up factors have been used.  

 

From the table and the costing assumptions the final result is that, on average, one electric 
vehicle in the French islands leads to an increase in grid costs of about 800€ which have to 
be covered via specific taxes paid by all electricity consumers (TURPE). 

 

To sum up, one electric vehicle would approximately cost to the French collectivity: 

■  800€ the first year for grid infrastructures reinforcement (grid costs covered by the 
TURPE tax) 

■  600€ each year for additional electricity production (generation costs covered by the 
CSPE tax) 

 

3.3. Environmental impact 
The environmental impact of an EV is completely dependent on the electricity mix of the 
concerned territory. In the case of Reunion Island, taking current French all-electric cars as 
an example (approximately 15 kWh/100km), the average CO2 emissions would be about 114 
g/km which is already comparable to conventional thermal vehicles. Nevertheless, 
depending on the charging period (marginal approach, see 3.2.1), an EV could even generate 
more greenhouse gases. Indeed, the sources used to cover the peak periods are mainly 
pollutant (coal, oil, gas) and an EV recharged during peak hours would be responsible of CO2 
emissions above 200g/km. 

Table 5 : CO2 emissions as function of the vehicle type and the territory 
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In France, cars are taxed (malus) or credited (bonus) if their greenhouse gas emissions are 
above or below certain targets. This incentive system is only based on “tank-to-wheel” 
emissions.  

Table 6 : French "bonus-malus" system 

 

Thus, with a complete “well-to-wheel” analysis (and not only “tank-to-wheel” as it currently 
is), electric cars in the French overseas departments would be considered as pollutant 
vehicles potentially penalized by the maximal malus (8000€ above 201g/km, such as the 
most pollutant thermal vehicles) instead of the maximal bonus (-6300€ under 20 g/km).  

In other words, the environmentally friendly image of the e-mobility is generally not justified 
in the French islands. A simulation has been conducted and points out the strong 
environmental impact of an EV if charged on the grid in Reunion Island: more than 3 tons of 
CO2 per year and per vehicle. 

  

4. Conclusion 
The different particularities of the island’s electric power generation systems make the EV 
integration a tough challenge from technical, economic and environmental points of view. 
The chapter 1 points out that a specific approach is required in order to control and 
minimize the EV’s impact. Given the growing interest in e-mobility in France, including 
islands, there is an imperative need for innovative solution development.  

 

 

 

https://en.wikipedia.org/wiki/Carbon_emissions
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EV integration in French islands – 
Innovative solutions 

 

1.  EDF Reunion Island projects 

1.1. Pilot experiment (2012/2013) 
A first experiment has been launched on Reunion Island in mid-2012 following. The project 
came to an end in December 2013. Two off-grid solar carport charging stations with storage 
batteries (see 2.1) have been installed in the North of the island, located in the EDF sites 
(head office and agency). Three EVs have been run by different employees who could 
reserve and use the electric pool cars in the same way they were used to handle 
conventional vehicles. Driving distances could therefore vary, and were nor predefined or 
known up front. The two main results of this pilot experiment were: 

■ the technical feasibility of off-grid solar carports associated to buffer batteries to 
charge company pool cars and provide them with the required mobility reserves 

■ statistic estimation of what could be the distribution of charging periods across the 
day (without any precaution) for both personal and professional vehicles (given the 
fact that the stations were totally off-grid, the users could plug in their electric car 
right after use, at any time, with no consequences) (see Figure 23 and Figure 24). 

 

1.2. New e-mobility project (2015) 
Since the beginning of 2015, EDF has launched a new project with its vehicle fleet on 
Reunion Island. It involves 5 electric vehicles and 3 grid-connected charging stations located 
in the EDF sites spread throughout the island. The idea is to exploit the two existing charging 
stations from the pilot experiment (in the North) and to build a third one in the South, 
making much longer drives possible.  

The company mobility plan includes: 

■  local travels (customer visits) 

■  travels between sites (mostly round trips) 
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Figure 5 : Localization of the 3 charging stations  

 

Table 7 : More detailed company mobility plan 

 
Arrival Saint-

Denis 
Arrival  
Moufia 

Arrival  
Saint-Pierre 

Local travels 

Departure 
 Saint-Denis 

- 
• 6 km (10 to 

15 minutes) 
• Frequent 

trips 

• 80 km (55 
minutes) 

• Infrequent 
trips 

Average range of 
40 km 

Departure 
Moufia 

• 6 km (10 to 
15 minutes) 

• Frequent 
travels 

- 
• 85 km  

(1 hour) 
• Frequent 

trips 

Average range of 
40 km 

Departure  
Saint-Pierre 

• 80 km (55 
minutes) 

• Infrequent 
trips 

• 85 km  
(1 hour) 

• Frequent 
trips 

- 
Average range of 

40 km 
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For the daily round trips between north and south, and given the limited range of electric 
cars, a partial charge must be necessary before the return trip. 

The main objective of the project is to permanently guarantee the mobility need expected 
by the vehicle-fleet manager while ensuring low economic and environmental impact. To 
succeed, two alternatives to careless vehicle charging are experimented: 

■ solar-powered charging stations (part 2.) 

■ “smart charging” from the grid (part 3.) 

 

Thus, the project represents both an illustration and a concrete application of the solutions 
(and their associated tools) developed during this master thesis. 

 

2.  Solar-powered charging stations 

2.1. Principle 
The idea is to implement a clean and renewable energy source specifically dedicated to 
charge electric vehicles. The high sunlight in the French islands could be a strong argument 
to develop solar-powered charging stations. Photovoltaic panels be installed on building 
roofs or specific carport (shade) structures (Figure 6). 

 

Figure 6 : Solar carport charging station in the head office (Saint-Denis, Reunion Island) 
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In order to allow for charging independently from sunshine hours and thus optimize the 
potential of solar energy, the systems can be equipped with stationary storage batteries. 

Without any interconnection with the distribution grid (off-grid system), this clean energy 
based technology would completely take down the negative impacts previously mentioned. 
Nevertheless, the main drawbacks of this solution are: 

■  the intermittent and random aspects of solar energy leading to the potential failure 
to guarantee enough electricity production compared to the mobility energy demand  

■  the high investment costs (more particularly photovoltaic panels, storage batteries 
and carport structures) 

  

Thus, the possibility to connect the solar charging stations to the grid (grid-connected 
system) is of interest for several reasons: 

■  guarantee of the expected mobility service in case of insufficient sun exposition or 
exceptionally long drives  

■  sizing optimization of solar charging infrastructures in a way that minimizes   their 
cost  

■  opportunity to improve the global profitability of the system by injecting the surplus     
solar energy into the grid or buildings  

 

 

2.2. Architecture and equipment 
The general architecture used for the project is as follows (see figures 7 & 8 below): 
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Figure 7 : General project infrastructure 

Going more into detail of one site: 

 

Figure 8 : Site architecture 

With the following elements: 

■  the photovoltaic (PV) solar panels : installed on building roofs or carport structures, 
they convert solar energy into direct current electricity. The polycrystalline silicon 
technology has been used 
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■  the solar charge controller (MPPT) : its main role is to regulate both the voltage and 
current coming from the solar panels to prevent batteries from overcharging. On top 
of that, the Maximum Power Point Tracking (MPPT) technique is used with a view to 
allowing for greater efficiency. Indeed, solar cells have a complex relationship 
between temperature and total resistance that produces a non-linear output 
efficiency which can be analyzed based on the current-voltage (I-V) curve. It is the 
purpose of the MPPT system to sample the output of PV cells and apply the proper 
resistance (load) to obtain maximum power in real-time for any given environmental 
conditions 

■  the storage batteries : they store excess electrical energy from PV panels during 
periods of high production and/or periods without or low demand through a 
reversible electrochemical reaction. They allow for vehicle charging independently 
from sunshine hours. Both lead-acid and lithium-ion technologies have been 
experimented 

■  the building : a connection between the charging station and the EDF building of the 
site is made. The idea is to pool charging stations for different energetic services. In 
addition to the vehicle charging, it is possible to supply the building load when the 
company mobility need is low and the PV production adequate (especially during  
weekends) 

■  the distribution grid : to ensure the expected mobility service in case of insufficient 
sun exposition or exceptionally long drives, the charging stations are grid-connected. 
However, the objective is to minimize the part from the network compared to solar 
energy. Not to mention, the project investigates the opportunity to coordinate 
vehicle charging according to the electric system constraints (see 3 Smart charging from the 

grid) 

■  the solar inverter : this is the central component of the global infrastructure. It 
converts the variable direct current (DC) of the photovoltaic solar panels or storage 
batteries (inputs) into a utility frequency alternating current (AC) that can be fed into 
the charging points or the buildings (outputs). As mentioned previously, the grid may 
also be an input when necessary 

■  the charging point : this is the infrastructure that allows the electric vehicles 
connection. There are different charging modes and plug types 

■  the electric cars (5) : their role is to satisfy the mobility needs of the different 
consumers. They are connected to the information system in order to ensure a real-
time monitoring: localization, state of charge, mode (under charge or driving)… 
These data are reported thanks to telematic boxes connected via GPRS 

■  the information system :  connected to each charging station, to each vehicle and to 
the dispatching center, its function is to store the algorithms and send the arbitration 
orders (start and finish times for charging electric vehicles, energy storage in the 
batteries, discharge into the building…) 

■  the EDF-Reunion dispatching center : connected to the information system, it can 
provide different kinds of information about the electric system. It is necessary when 

https://en.wikipedia.org/wiki/Current%E2%80%93voltage_characteristic
https://en.wikipedia.org/wiki/Electrochemical
https://en.wikipedia.org/wiki/Chemical_reaction
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evaluating the technical, economic and environmental constraints of the grid in real-
time (see 3 Smart charging from the grid) 

 

2.3. Pre-sizing tool  

2.3.1. Presentation 
A simulation tool has been developed with a view to giving the solar-powered station’s 
owner the possibility to have an accurate estimation of the required sizing. With some 
hypotheses and the detailed expected mobility plan as inputs, the tool returns an estimation 
of the solar coverage ratio (SCR, percentage of the total electricity demand provided by 
photovoltaic energy) according to both the photovoltaic modules nominal power (kilowatt-
peak, kWp) and the storage batteries capacity (kilowatt hour, kWh): 

𝑺𝑺𝑺 = 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇(𝒙,𝒚)  (%) 
𝒘𝒇𝒇𝒘 ∶  𝒙 = 𝑷𝑷 𝒇𝒇𝒏𝒇𝒇𝒏𝒏 𝒑𝒇𝒘𝒑𝒑(𝒌𝒌𝒑) 𝒏𝒇𝒂 𝒚 = 𝑩𝒏𝒇𝒇𝒑𝒑𝒇𝒑𝑩 𝒇𝒏𝒑𝒏𝒇𝒇𝒇𝒚 (𝒌𝒌𝒘) 

 

To obtain this final result, the tool simulates over an entire year and on an hourly basis: 

■  the photovoltaic electricity production 

■  the storage batteries charging and discharging 

■  the required electricity from the grid 

■  the resulting vehicle batteries charging and discharging 

 

The program always prioritizes the energy from photovoltaic panels and storage batteries 
and only requests energy from the grid if the state of charge of the vehicle is too low to 
ensure the next scheduled travel. The simulation does not include any optimization 
procedure and requests the grid without any particular precautions. 

 

The required inputs are: 

■  the number of charging points and their power 

■  the number of electric vehicles 

■  photovoltaic production estimation (sunlight estimation, inverter losses, cable 
losses) 

■  technical information about the electric vehicles (battery capacity, range, plug-in 
charging maximal power, use of auxiliary services such as radio, heating or air-
conditioning) 

■  technical information about the storage batteries (useful capacity, efficiency) 
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■  the detailed mobility plan and schedule of all the electric vehicles of the fleet 
according to the month of the year (daily distance, use in days per week, possible 
charging times) 

 

In addition, it is also possible to investigate the economic aspect and analyze the 
cost/performance ratio. Indeed, from: 

■ fixed and variable costs hypotheses for both the photovoltaic generator and the 
storage batteries 

■ and weighting coefficients between the cost (€) and the performance (SCR, %) of the 
solution, 

It is possible to find the optimal sizing solution (𝑥,𝑦)𝑜𝑜𝑜𝑜𝑜𝑜𝑜  by maximizing the following 
equation: 

𝑨 ∗ 𝑺𝑺𝑺(𝒙,𝒚) + 𝑩 ∗ �−𝑺𝒇𝑩𝒇%(𝒙,𝒚)�  𝒘𝒇𝒇𝒘 𝑨+ 𝑩 = 𝟏    
 

The cost is expressed as a percentage (Cost%) by comparison with the overall less expensive 
solution (1kWp of PV panels and no storage) and the cost of the less expensive solution that 
enables to achieve a solar coverage ratio of 100% (called 𝐶𝐶𝐶𝐶𝑆𝑆𝑆=100%): 

𝐶𝐶𝐶𝐶%(𝑥,𝑦) =
𝐶𝐶𝐶𝐶(𝑥,𝑦) − 𝐶𝐶𝐶𝐶(𝑥 = 1𝑘𝑘𝑘,𝑦 = 0𝑘𝑘ℎ)

𝐶𝐶𝐶𝐶𝑆𝑆𝑆=100% − 𝐶𝐶𝐶𝐶(𝑥 = 1𝑘𝑘𝑘,𝑦 = 0𝑘𝑘ℎ)
 

 

The final objective of the simulation is to be used as a decision support tool. 

 

2.3.2. Application example: pre-sizing of the Saint-Pierre solar 
station (baseline scenario) 

Within the context of the EDF project in Reunion Island, a pre-sizing study has been 
conducted for the station of Saint-Pierre (in the south of the island) thanks to the simulation 
tool. Indeed, the two other stations in the north were already sized and built according to 
previous experimentations. This third station has a strategic position and a key role so that 
the daily round trips between north and south become possible. 

 

List of the hypotheses (inputs) of the simulation: 

■  3 slow charging stations (3.7 kW) 

■  2 already existing solar stations:  
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 Saint-Denis: 2.8 kWp of PV panels and 29 kWh of lead-acid batteries 

 Moufia: 2.8 kWp of PV panels and 45 kWh of lead-acid batteries 

■ In Saint-Pierre: photovoltaic electricity generation estimation based on a simulation 
software (PVGIS)  

 

Figure 9 : PVGIS software conditions report 

 

 

Figure 10 : Daily PV production estimation according to the month (kWh/kWp/day) 

 

Total yearly production: ≈ 1380 kWh/kWp/year 

Average daily production: ≈ 3.8 kWh/kWp/day 
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Given that the simulation tool works on an hourly basis, a daily model was necessary. A 
sinusoidal model with a total of 3.8 kWh/kWp has been used from 6am to 6pm (low 
seasonality in Reunion Island) as shown on the following graph: 

 

Figure 11 : Daily sinusoidal model 

 

■  storage batteries in Saint-Pierre : lithium ion technology (useful capacity : 80%, 
round-trip system efficiency : 80%) 

■  5 electric vehicles (22kWh of energy capacity, consumption of 15 kWh per 100 km, 
representing a range of about 147 km)  

■  in order to precisely define the company mobility plan in general, and the trip of 
each electric vehicle of the fleet in particular, information have been collected from 
the EDF employees of the different concerned departments. The idea was to 
establish an “extreme” scenario (under the most adverse conditions) as a baseline 
for the pre-sizing study.  

 

Table 8 : Company mobility plan ("extreme" scenario) 
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Finally, it is necessary to define for each vehicle the detailed schedule (travelling time and 
possible charging time). The number 1 means that the vehicle is available for charging 
(presence at the charging point), the number 0 means that it is not.   
Two examples are given in the Table 9  and the Table 10 (one for local travels and one for a 
daily round trip). 

 

 

Table 9 : EV4 schedule (local travels) 

 

 

The EV4 travels during the week from 8am to 6pm with an equally divided consumption.  
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Table 10 : EV1 schedule (round trip) 

 

 

From Monday to Friday, the EV1 travels from Saint-Pierre to Moufia at 8am (1 hour) and 
comes back at 5pm (1 hour). One small part of the total daily consumption (5.6%) is used to 
have lunch outside the workplace at noon. The EV1 can be charged for a maximum of 4 
hours during the day before the return journey. 

 

The schedules of the three other electric vehicles are based on the same principle.  

 
Statutory holidays have been considered like the weekends (a total of 252 working days in 
2015)
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Interface of the simulation: 

The Figure 22 shows the interface of the simulation tool. With the example of Friday, January 2nd, 4kWp of photovoltaic modules and 40 kWh of 
storage in Saint-Pierre, it is possible to monitor hour by hour the evolutions of the PV production, the storage and the state of charge (SOC) of 
the EV1.  

 

Figure 12 : Simulation interface (EV1) 
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Results of the simulation (“extreme” scenario): 

The hypotheses are those of the “extreme” scenario described above. 

For a given sizing in Saint-Pierre, the global Solar Coverage Ratio (SCR) of the 3 solar charging 
stations (knowing that the photovoltaic fields and the storage capacities of the two existing 
stations in Saint-Denis and Moufia are fixed) is detailed month by month. For example with 
4kWp of photovoltaic modules and 40 kWh of storage in Saint-Pierre: 

 

Table 11 : Results detailed month by month (with 4kWp and 40kWh) 

 

 

The annual SCR with this configuration is about 50%, meaning that half the total electricity 
demand is covered by solar energy.  
The best SCR are logically obtained during the sunniest months. The value also depends on 
the number of working days in the considered month. 
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Table 12 and Figure 13 show the global SCR evolution according to the sizing of the Saint-
Pierre station:  

 

Table 12 : Global Solar Coverage Ratio values ("extreme" scenario) 

 

 

 

 

Figure 13 : Global Solar Coverage Ratio curves ("extreme" scenario) 
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These curves highlight: 

■ the increase in the global SCR, up to a limit, as the installed PV power raises. With a 
given storage capacity, the SCR converges to an horizontal asymptote. One notes 
that the global maximal value is around 74%. Indeed, it is impossible to achieve 
higher values because of the fixed and limited sizing of the two stations in the north. 

■ the important influence of the storage: it allows, up to a limit, for higher SCR for a 
given photovoltaic field. Indeed, it makes possible the use of solar energy 
independently from sunshine hours. However, the impact is moderate since most of 
the energy consumed in the Saint-Pierre station comes from the recharged during 
daylight hours vehicles (EV2 and EV3). Only the EV5, charged from 6pm, takes full 
advantage of the storage capacity. 

 

Considering the economic aspect, hypotheses can be made about the investment costs for 
both photovoltaic generator and storage batteries, according to the chosen technologies. 

 

Table 13 : Estimated proportional and variable investment costs 

 

 

As noted before, once a certain limit has been reached, increasing the PV power and the 
storage capacity does not significantly improve the SCR. Then, the cost/performance ratio 
gives a good indication of what could be the optimal sizing. The weighting coefficients A and 
B are chosen according to the budget and the SCR objective of the station’s owner: 

 

Table 14 : Optimal cost/performance solutions according to different situations 
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2.3.3. Application example: impact of different parameters (other 
scenarios) 

The objective is to assess the influence of different parameters by comparing alternative 
scenarios with the baseline one. 

Impact of the driving style and the use of auxiliary services (“high consumption” scenario): 

Both the driving style and the use of auxiliary services (radio, heating, or air-conditioning) 
can meaningfully impact the electricity consumption of the electric vehicle. Feedbacks from 
tests have shown that the difference may reach 40% with an aggressive driving style and an 
intensive use of auxiliary services. Thus, a simulation has been done with the exact same 
conditions as the baseline scenario except for the energy consumption: 20 kWh per 100km 
instead of 15 (representing a range of 110 km instead of 147). 

 

Table 15 :  Global Solar Coverage Ratio values ("high consumption" scenario) 

 

 

The maximal achievable value falls from 74% to 63%. 

 

Impact of the mobility plan (“less demanding” scenario): 

The “extreme” baseline scenario was based on the most exigent possible mobility plan 
(worst case) and should be used for the sizing of the Saint-Pierre station. However, the 
company mobility plan is provisional, definitely variable and dependent of the period of the 
year. As such, the comparison with a less demanding scenario, established with the 
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company’s employees, makes sense. The frequencies of the travels have been reduced from 
5 to 3 days a week. Only 2 electric vehicles make the round trip between 2 sites, instead of 3. 
The local travels have been divided by 2 (40 km instead of 80) and the off-site lunches have 
been excluded (thus adding one hour to the total charging period), as follows: 

 

Table 16 : Reduced company mobility plan ("less demanding" scenario) 

 

 

The SCR are logically significantly higher than in the “extreme” scenario and it gives the 
station’s owner an overview of what could be the performance of the infrastructure with a 
less ambitious company mobility plan. 

 

Table 17 : Global Solar Coverage Ratio values ("less demanding" scenario) 

 

 

The maximal achievable value increases from 74% to 92%. 
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Impact of the charging power (“fast charging” scenario): 

A simulation has been done with the exact same conditions as the baseline scenario except 
for the charging power. The idea is to limit the power from the grid to 3.7 kW (slow charging) 
but to allow for higher charging power when the energy comes from the photovoltaic panels 
and/or the storage batteries. The objective is then to maximize the solar potential, more 
particularly when the possible charging periods are short. That is the case for the round trip 
travels, when the required charging periods to come back are limited to a couple of hours. 
The following graph shows the result with 11kW instead of 3.7: 

 

Table 18 : Global Solar Coverage Ratio values ("fast charging" scenario) 

 

 

First of all, higher power naturally leads to shorter charging times. While a minimum of 4 
hours was necessary for round trips with slow charging (3.7 kW), a bit more than 1 hour is 
enough with fast charging (11 kW). Therefore, it gives the driver more freedom and flexibility 
and makes the travels possible even with more constraints. 

Regarding the performance, the SCR values are exactly the same as the baseline scenario for 
small photovoltaic fields. Nevertheless, it also demonstrates that the results are better for 
bigger fields. Actually, 9 kWp represents the minimum power that allows the PV production 
to exceed 3.7 kWh per hour (equivalent to a power of 3.7 kW) during the maximal sunshine 
periods. Above this value, a bigger charging power is synonymous with higher energy from 
solar source, leading to better SCR values. The maximal achievable value increases from 74% 
to 80%.  
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Comparison of the different scenarios and conclusion 

 

Table 19 : Comparison of the different scenarios 

 

 

This study highlights the influence of the different parameters and consequently the 
importance of the perfect knowledge of the fleet conditions and the company mobility plan 
when sizing a solar-powered charging station. The charging strategy (schedule and power) 
must be specifically chosen according to the given situation in order to optimize the global 
performance. 

 

Except for solar-powered stations with guaranteed performance of 100% solar coverage 
ratio, the grid is necessary to meet the mobility demand. Thus, another possible way of 
optimizing the electric vehicles integration is to make sure that the grid is only requested at 
the most appropriate times, thanks to smart technologies and methodologies described in 
the part 3. 
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3.  Smart charging from the grid 
The overall objective is to develop and adopt effective tools which could encourage 
consumers to match their energy demand with the electricity production characteristics, 
according to the time of day and/or the meteorological conditions (wind and solar power). It 
aims for instance at managing in an optimized way the recharge of electric vehicles, in order 
to reduce both their economic and environmental impact. The idea is to exploit in real time 
specific data from the dispatching center with a view to generating incentivizing signals that 
give accurate information about the electric system constraints (grid congestion, electricity 
generation costs, CO2 content…). Thus, charging stations would be directly interfaced with 
the management tools of the territories and these signals would be provided to the station’s 
owner and the consumers via the charging point’s screen or a dedicated smartphone 
application. 

 

3.1. Incentivizing signals: generalities 
The two main characteristics are: 

■ the time interval between two signals of the same type 

■ the number of possible values (levels) as function of threshold criteria. Each signal 
value corresponds to a specific recommendation regarding the charge of electric 
vehicle. 

These recommendations would be forecasted the day before and updated throughout the 
day. 

Furthermore, the necessary data to generate the signals are: 

■ dispatching data of the considered territory such as : 

 electricity production from the different production means of the territory 

 the merit order dispatch characteristics (base load or peaking power plants) 

■ an estimation of the electricity generation costs for each production mean (€/kWh) 

■ an estimation of the greenhouse gas emissions for each production mean 
(gCO2eq/kWh) 

 

With the example of Reunion Island, an hourly basis is used, the signals are updated every 
hour. The different possible levels and their associated recommendations have been defined 
as follows: 

■  Level 1 : appropriate time, the charge is recommended  

■  Level 2 : intermediary periods, the charge shall be postponed if possible 

■  Level 3 : critical times, the charge must be absolutely avoided 
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On Reunion Island, the resource allocation is done by following the established “merit order” 
below: 

■  Renewable energies (photovoltaic, wind, biomass, run-of-river hydroelectricity) and 
low-cost coal / bagasse power plants constitute the base load generation 

■  Then, diesel power plants are requisitioned to cover higher levels of energy demand. 
The hydroelectric plants are used at the same time to reduce generation costs.  

■  Finally, expensive and polluting gas turbines are primarily used to ensure the 
demand/production balance at times of peak consumption and to back-up failures  

 

 

Figure 14 : Average daily power generation in Reunion Island (2014) [2] 

 

3.2. Technical signal 
This first signal represents at a given time the difficulty for the grid operator to respond to 
additional electricity need. First of all, a technical issue such as failures, losses of productive 
capacity or grid congestions automatically assigns the level 3. Otherwise, the signal is based 
on the ratio: 

𝑅(𝐶) =
 𝑃𝐶𝑃𝑃𝑃 𝑑𝑃𝑑𝑑𝑑𝑑 (𝐶)

𝑇𝐶𝐶𝑑𝑇 𝑖𝑑𝐶𝐶𝑑𝑇𝑇𝑃𝑑 𝑘𝐶𝑃𝑃𝑃
 (%) 
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This ratio indicates at a given time the margin between the global power demand and the 
total installed power in the territory. A (%) and B (%) are the threshold values between the 
three different levels: 

 

 

Figure 15 : Principle of the technical signal 

 

In the case of Reunion Island with A=70% and B=90%, the following annual average technical 
signal is obtained: 

 

 

Figure 16 : Technical signal 

 

The technical signal is characteristic of a typical working day with morning and evening peak 
loads, when charges should be avoided or postponed. However, the graph only shows the 
example of the annual average, there may be important differences according to the day 
taken into account (week or weekend, working day or day off, summer or winter…). 
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A more localized approach might be envisaged, focusing on the congestion risks at the 
charging station’s level. Thus, the technical signal would be specifically adapted to a given 
charging station and may differ from another. This kind of approach is being studied as part 
of the project in Reunion Island. 

 

3.3. Economic signal 
This second signal represents the economic impact of the charge. It is based on the marginal 
electricity generation costs (the cost of producing one more kWh of electricity, in €/kWh) as 
function of the time of the day (hour by hour all year round). It symbolizes the potential 
increase in the CSPE tax as well.  

 

Figure 17 : Principle of the economic signal 

 

Depending on the marginal production mean at a given time, the electricity generation costs 
required to charge electric vehicles can widely vary. 

 

Table 20 :  Generation costs according to the production mean in Reunion Island 

 

 

The threshold values A and B (€/kWh) are fixed according to the electricity generation costs 
of the different production means. A and B have been respectively chosen as the electricity 
generation costs of diesel units and gas turbine units. 
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The shape of the annual average economic signal is given in the Figure 18: 

 

Figure 18 : Economic signal 

 

Unsurprisingly, the marginal costs are pretty low during the night, medium during the day 
and high in the evening (between 6 and 10 pm). 

 

3.4. Environmental signal 
This last signal represents the ecologic impact of the charge. The principle is exactly the 
same as the economic signal, except that the criterion is now the marginal CO2 content of 
the produced electricity (hour by hour all year round). 

 

 

Figure 19 : Principle of the environmental signal 
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Depending on the marginal production mean at a given time, the CO2 content of the 
required electricity to charge electric vehicles can widely vary. 

 

Table 21 : Greenhouse gases emissions according to the production mean in Reunion Island 

 

 

One notes that economic and environmental considerations do not always coincide, more 
particularly regarding the coal, which is a cheap but highly polluting electricity source. 

Nevertheless, given that coal constitutes the base load electricity generation, it is hardly ever 
the marginal production mean. As a consequence, the shape of the environmental signal is 
really similar to the economic signal’s one. 

The threshold values A and B (gCO2eq/kWh) are fixed according to the French “bonus-
malus” system previously mentioned (Table 6) A = 130 gCO2eq/km represents the maximum 
limit for which the electric vehicle’s owner would not be concerned by any taxes (if it was 
based on a complete “well-to-wheel” analysis, see chapter 3.2). B = 130 gCO2eq/km is also a 
threshold value of the system, beyond which the owner would have to pay at least 3000 € 
(Table 6). 
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Figure 20 : Environmental signal 

 

3.5. Mixed signals 
Depending on the objectives, it is possible to edit a weighted mixed signal in the following 
form: 

𝑆𝑖𝑆𝑑𝑑𝑇𝑜𝑜𝑚𝑚𝑚 = 𝑋 ∗ 𝑆𝑖𝑆𝑑𝑑𝑇𝑜𝑚𝑡ℎ𝑛𝑜𝑡𝑜𝑜 + 𝑌 ∗ 𝑆𝑖𝑆𝑑𝑑𝑇𝑚𝑡𝑜𝑛𝑜𝑜𝑜𝑡 + 𝑍 ∗ 𝑆𝑖𝑆𝑑𝑑𝑇𝑚𝑛𝑒𝑜𝑒𝑜𝑛𝑜𝑚𝑛𝑜𝑜𝑜        

 
𝑃𝑖𝐶ℎ 𝑋 + 𝑌 + 𝑍 = 1 

 

The interest of the mixed signals is to combine: 

■ the technical signal with the economic signal : economic optimization (Z=0) 

■ the technical signal with the environmental signal : environmental optimization (Y=0) 

■ the three signals : global weighted optimization  

 

In the considered case, a global optimization (both economic and ecologic) is intended. The 
mixed signal and its associated recommendations throughout the day are shown below. 
(Once again, it simply is an illustration with the annual average, but signals may be 
completely different from one day to another). 
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Figure 21 : Example of a mixed signal 

 

 

Figure 22 : Mixed signal and the associated recommendations 
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3.6. Charging algorithms 
Charging algorithms have been developed with the aim of simulating different charging 
strategies and comparing their impact. They are all established on a daily basis. The main 
inputs of the simulations are: 

■ the daily electricity consumption (kWh) 

■ the charging power (kW) 

■ the schedule (presence or not of the electric vehicle at the charging point, hour by 
hour) 

 

Given that the average annual distance travelled by light vehicles in France is close to 14 000  
km, and considering 252 travelling days per year, the average daily distance is about 55.6 
km. With a consumption of 17 kWh/100km and transmission losses of 6%, the daily 
electricity need can be estimated at 10 kWh per travelling day. The charging power is 3.7 kW 
(slow charging).  

As a first scenario, these hypotheses are used in order to illustrate and give meaning to the 
simulations.  

 

3.6.1. “Careless” charging algorithm 
The interest of this first algorithm is to simulate the typical behavior of owners who plug in 
their electric vehicle right after use. It is based on the distribution of charging periods 
throughout the day, obtained during statistic experiments in Reunion Island. Two cases have 
been distinguished according to the use: personal or professional vehicles.  

 

Figure 23 : Personal-use electric vehicles charging profile 
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Most of the charging periods occur from 4 pm to 7 pm when the owners get home. The 
morning charging sessions can be explained by the presence of charging stations at 
workplaces. There are almost no charges during the night (between 1 am and 5 am). This 
profile remarkably matches the global electricity demand curve. 

 

 

Figure 24 : Professional electric vehicles charging profile 

 

The professional vehicles charging profile is definitely different and fits much less the global 
demand curve than the personal one. The morning charges (7 am and 8 am) can be partially 
explained by the possibility to use the vehicles for home-to-work travels. The other demand 
peak occurs during the afternoon, when the vehicles come back at the end of the working 
day.  

Thus, the “careless” charging algorithm is based on these profiles and prioritizes the 
available time slots when the charging probabilities are the highest. 
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Table 22 : ”Careless” charging algorithm results with the personal-use profile (10kWh, 3.7 kW) 
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Table 23 : ”Careless” charging algorithm results with the professional profile (10kWh, 3.7 kW) 

 

 

 

 

3.6.2. Smart charging algorithm  
This second algorithm respects the recommendations of the established mixed signal (see 
Figure 21 and Figure 22) and thus enables an optimized charging. It prioritizes the time slots 
when the signal’s level is 1, prohibits the charging on the level 3, and only authorizes the 
charging on level 2 if the total available time slots on level 1 are not sufficient to cover the 
daily electricity demand.  
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Table 24 : Smart charging algorithm results based on the established mixed signal (10kWh, 3.7 kW) 

 

 

As the signal’s level is equal to 1, the charging period occurs during the night. 
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Table 25 : Smart charging algorithm results based on a random mixed signal (10kWh, 3.7 kW) 

 

 

The algorithm prohibits charging on level 3 and selects the only three possible time slots 
with priority given to level 1. 

 

3.6.3. Other charging algorithms 
Other dynamic charging algorithms have been developed: 

■ the most economic charging : charging from the cheapest time slot to the most 
expensive one   

■ the most expensive charging : charging from the most expensive time slot to the 
cheapest one   

■ the most ecologic charging : charging from the time slot with the lowest marginal 
CO2 content to the time slot with the highest one 
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■ the most polluting charging : charging from the time slot with the highest marginal 
CO2 content to the time slot with the lowest one 

First, their purpose is to serve as a reference for a comparison between the “careless” 
charging and smart charging algorithms. Secondly, the most economic and the most ecologic 
charging algorithms could be used to achieve an even more dynamic optimization compared 
to the smart charging based on signals. 

 

3.7. Benefits of smart charging 
The objective is to simulate both the economic and environmental impacts of the electric 
vehicles according to the charging strategy. The expected benefits of smart charging depend 
on many parameters: 

■ the territory concerned (fuel mix, production means characteristics (costs and CO2 
contents), merit order)   

■ the electric vehicles use (personal or professional, detailed mobility plan) 

■ the optimization objectives (economic or environmental according to the chosen 
mixed signal)  

 

Thus, in this chapter, the following conditions are considered: 

■ Reunion Island with the characteristics previously described 

■ both professional (3.7.1) and personal-use profiles (3.7.2) are compared under the 
reference scenario conditions (14 000 km per year, 55.6 km for 252 days)  

■ the established mixed signal (see Table 24)  

 

3.7.1. Professional electric vehicle  
The annual electricity generation costs for professional electric vehicle charging are 
compared according to the charging strategy. 

Table 26 : Economic impact according to the charging strategy (professional vehicle) 
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The simulations show that smart charging (100% on level 1) allows for a 21% reduction in 
electricity generation costs compared to “careless” charging (100% on level 2). Smart 
charging would lead to the decrease in the CSPE tax of about 80€ (from 380€ to 300€) per 
year and per professional vehicle. This figure also highlights the direct link between the level 
of the signal and the economic impact. Finally, one can also note that the smart charging 
strategy gives results really close to those of the most economic charging. 

 

Table 27 : Environmental impact according to the charging strategy (professional vehicle) 

 

Smart charging also has benefits in terms of ecologic aspect. It would lead to the decrease in 
CO2 emissions of about 0.5 ton per year and per vehicle (from 2.3 tons to 1.8), or about 33 
gCO2 per km. If it was based on a complete “well-to-wheel” analysis, smart charging would 
theoretically reduce the “bonus-malus” tax paid by the vehicle’s owner. 

 

3.7.2. Personal-use electric vehicle  
Given the personal-use vehicles charging profile (which matches the peak demand when the 
electricity production is expensive and polluting), the smart charging benefits are even more 
interesting compared to professional vehicles. 

Table 28 :  Economic impact according to the charging strategy (personal-use vehicle) 

 

 

For personal use-vehicle, “careless” charging results are much closer to those of the most 
expensive charging, with 63% of the charging slots on level 3 and 37% on level 2. Thus, smart 
charging (100% on level 1) enables electricity production costs to be cut in half, reducing the 
impact on the CSPE fund by about 315€ (from 600€ to 285€) per year and per vehicle. 
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Table 29 : Environmental impact according to the charging strategy (personal-use vehicle) 

 

The conclusion is also pretty promising from an environmental point of view; smart charging 
would lead to the decrease in the CO2 emissions of about 1.1 ton per year and per vehicle 
(from 2.9 tons to 1.8), or about 82 gCO2 per km. If it was based on a complete “well-to-
wheel” analysis, smart charging would theoretically significantly reduce the “bonus-malus” 
tax paid by the vehicle’s owner. 

 

3.7.3. Other application example: benefits of smart charging for 
the EDF-Reunion Island project 

Simulations based on the different charging algorithms have also been tested in order to 
bring economic and environmental values to the solar-powered charging stations of the 
project. The purpose is to compare two charging strategies for the EDF vehicle fleet mobility 
plan (extreme scenario, see 2.3.2 for details): 

■ Case1: no solar-powered charging station, 100% “careless” charging from the grid 

■ Case2: grid-connected solar-powered charging stations together with smart charging 

 Saint-Denis: 2.8 kWp of PV panels and 29 kWh of storage 

 Moufia: 2.8 kWp of PV panels and 45 kWh of storage 

 Saint-Pierre: 5 kWp of PV panels and 30 kWh of storage 

 

With this specific sizing, the pre-sizing tool (see 2.3) estimates the global Solar Coverage 
Ratio (SCR) at approximately 53.5%, meaning that 46.5% of the total energy need have to be 
provided by the grid: 

𝐸𝑔𝑒𝑜𝑚 = (1 − 𝑆𝐶𝑅) ∗ 𝐸𝑜𝑜𝑜𝑜𝑜 

 

The purpose of this study is to compare the two cases and estimate both: 

■ the return on investment time of “smart” solar-powered charging stations 

■ the CO2 emission reduction 

 



50 

 

Table 30 : Comparative results of the simulation 

 

 

From these results, the global return on investment time would be about 15 years which is 
lower than the expected lifetime of the equipment, except for storage batteries, making the 
project viable and potentially profitable in a long term perspective. 

In addition, with smart solar-powered charging stations, the EDF electric vehicle fleet would 
be responsible for CO2 emissions divided by three compared to “careless” grid charging after 
use.  

Based on these promising results, one might imagine that this kind of environmentally 
friendly solutions could be eligible for financial incentives (from the state or specialized 
regional institutions) with a view to promoting them.  
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4.  Vehicle-To-Grid (V2G) 

4.1. Presentation 
EDF starts to explore another way of bringing services to the grid through Vehicle-to-Grid 
(V2G) technology.  

Classic approach which allows for the connection and the charge of electric vehicles from a 
charging point are called Grid-to-Vehicle (G2V): the electricity goes from the grid to the 
vehicle (unidirectional model) which is only considered as an electricity consumer. 

Nevertheless, since most vehicles are parked an average of 95 percent of the time [4], a 
controllable bidirectional model could be adopted. 

The Vehicle-To-Grid (V2G) aims to let electricity flow from the car to the power lines, 
without compromising the primary transportation function. With this approach, electric 
vehicles are no longer only a mean of transport but also a service provider. Variants of this 
technology include Vehicle-To-Home (V2H) and Vehicle-to-Building (V2B) for which the 
vehicle battery is used to supplement the local housing or building electrical load without 
transfer to the electrical grid. 

  

 

4.1.1.   

Figure 25 : The principle of V2G [8] 
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4.2. Critical analysis: interests and limits  
Significant opportunities exist in exploiting these new technologies, especially in the 
particular case of island systems. However, there are some barriers from technical, 
economic and regulatory points of view. 

This chapter is based on a study conducted by the Advanced Vehicle Testing Activity (AVTA, 
United-States) [5], focusing on the points that concern more particularly the specific insular 
context. The motivations for V2G have to be investigated considering all the parties that 
would be involved in any project; the grid operator, the vehicle owner, the building/home 
owner, the vehicle supplier, the vehicle battery supplier, and the charging point supplier. 

4.2.1. Grid operator 
Interests: 

 Providing peak power: in the context of smart grids, by charging at night when 
demand is low and sending power back to the grid when demand is high, V2G could 
even allow electric vehicles to reduce peak loads instead of increasing them. This 
peak shaving application could potentially dispense with the need to start up a 
peaking plant, resulting in important economic and ecologic benefits. In addition, 
given the fragile balance between demand and production in Reunion Island, V2G 
could participate in decreasing the risk of blackouts 

 Providing ancillary services: in the French islands, characterized by deeper and more 
frequent voltage dips and frequency drops. In future development, V2G could play an 
important role in voltage/frequency regulation and spinning reserves as well 

 Renewable energy integration: the important development of intermittent 
renewable energy sources (wind and above all solar) in Reunion Island is really 
challenging regarding the grid stability. Consequently, EDF sometimes has to limit 
their penetration rate in the electricity mix. However, when the vehicle is not being 
driven, the battery represents an electrical energy storage medium, available without 
additional costs. This stored renewable energy can be supplied to the grid during 
daily peak demand periods. The potential synergy between electric vehicles and 
renewable energy could result in a mutual help in increasing both markets 
penetration 

 

Limits: 

× Need for a complete communication network to be developed , including technical 
issues (all the electric vehicles participating in the V2G program a reconsidered as 
potential electricity sources)  
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× Strong dependence on electric vehicles availability and owners acceptance 

× The energy market is pretty regulated and restricted in France in general, and in 
Reunion Island in particular 

 

4.2.2. Vehicle owner 
Interests: 

 Financial interest: the vehicle owner becomes a seller of energy and capacity and 
benefits from reduced electrical rates or direct compensation  

 Limits: 

× Constraints linked with the potential unavailability of the vehicle when needed for 
transportation 

× The owner should be able to accept or decline the discharge if the vehicle and/or to 
define a minimal state of charge  

× Faster battery degradation (reduction in the useful life) 

 

4.2.3. Building/home owner (V2B/V2H) 
Interests: 

 Financial interest: costs reduction by managing peak and off-peak periods 

 Emergency backup power in case of blackouts. This kind of service is very popular in 
isolated areas 

 Good synergy with renewable energies (rooftop photovoltaic systems) 

 

4.2.4. Vehicle, battery and charging point suppliers 
Interests: 

 Financial interest: important roles in a new market 

 Positive company  image by  participating in such innovative and green technologies 
development  
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Limits: 

× Technical challenges with all the elements of the energy chain 

■ Battery : manufacturers have to improve battery performance and useful life 

■ Charger/inverter: development of bidirectional systems open to orders from the grid 
operator and the charging point. Moreover, it is necessary to answer the safety 
requirements (anti-islanding isolation) 

■ Charging point: development of a communication protocol between the electric 
vehicle, the electrical grid (V2G) or the home/ building (V2H or V2B)  

 

4.3. Technological survey 
A technological survey has been conducted with a focus on projects piloted in island areas. 
The objective is to highlight any prospects for using the V2G technology in Reunion Island. 
 

4.3.1. Japan: Nissan experimentations 
In the post-Fukishima context, Japan wants to minimize energy vulnerability and enhance 
resilience to catastrophes. V2G is seen as a great opportunity to do so and Japan is really 
active in this technology trough product development and experimentations. 

 
Nissan works on the concept of V2H with its flagship electric vehicle model, the Leaf. The 
main investigated services are the emergency backup power in case of blackout and the 
demand response during peak periods. The Leaf-to-Home device allows for private network 
alimentation for almost 48 hours (the leaf battery has a capacity of 24 kWh and the average 
daily consumption of a Japanese household type is about 12 kWh) [6].  

The concept also exists for the case of vehicles fleets with the Vehicle-To-Building (V2B) 
technology. In 2013, experimentations have been made in Atsugi, Japan, with 6 electric 
vehicles. Nissan reports that the tests have led to approximately a 2.5% reduction of 
electrical power use during peak hours, a saving of nearly 600€ per year and per vehicle in 
electrical power cost [6]. 

In Mars 2015, Nissan and the energy company Endesa, the largest Spanish utility company, 
struck an that lays the groundwork for a vehicle to grid (V2G) energy supply that will enable 
electric vehicle owners to sell excess energy back to the electric company. 

 

  

 

http://www.endesa.com/EN/Home
http://gas2.org/tag/v2g/
http://evobsession.com/electric-cars-2014-list/
http://gas2.org/2015/03/13/vehicle-grid-integration-revenue-worth-nearly-21-million-2024/
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4.3.2. Hawaii: JUMPSmartMaui project 
 
In September 2013, Hitachi officially started its smart grids demonstration project in Maui 
(the second largest island of the archipelago of Hawaii) [7], supported by the Japanese 
government and including many partners. It is based on the recruitment of voluntary 
participants (home owners and/or Nissan Leaf owners). This ambitious project (20 charging 
stations, 200 electric vehicles and 40 homes) plans to test demand response, V2G and V2H 
technologies.  
 
The final objective is to design and develop a real “virtual power plant” which would 
simultaneously manage the different production means of the island, the electric vehicles 
charging stations and the houses involved in the project. Another auxiliary goal is to develop 
and to foster the integration of intermittent renewable energies, notably thanks to 
production forecasts. The experimentation is currently in progress and planned to end in 
2016. 
 

 
Figure 26 : JUMPSmartMaui project concept [7] 

 
The project includes two phases: 
 

■ First phase :  

 Establishing the load curve of the houses  involved in the project 

 Establishing the load curve of the electric vehicles involved in the project  

 Establishing renewable energies forecasting models 

 

■ Second phase : integrating the houses and electric vehicles as predictable energy 
sources for the grid 
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Figure 27 : Supply and demand management [7] 

 
 
 

4.4. Conclusion 
Overall, it seems that the innovative functionalities brought by the V2G/V2H technologies 
meet the specific challenges imposed by the insular context. In spite of identified obstacles, 
EDF future works and experimentations should clearly focus on them, taking account of 
feedbacks from existing projects in such island territories.   
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General conclusion  
The different studies and the illustrative example of the project in Reunion Island show that 
specific charging stations based on renewable energy sources with stationary batteries or an 
optimized charge control from the grid possess a significant potential to reduce both the 
economic and environmental impact of electric vehicles in isolated island-based systems. 

For each e-mobility project with its own specifications, a suitable infrastructure and charging 
strategy can be established, particularly through the tools described in this part: 

 

Figure 28 : E-mobility project features 

 

The solutions presented in this report may play an important role to see the e-mobility 
deployment in island systems not as a threat but as an opportunity: sustainable transport, 
reduction in fossil fuel dependency, creation of new jobs, development of renewable 
energies, grid stability, etc. In addition, the optimization functionalities developed in this 
master thesis could be applied not only for electric vehicles but also for other electricity uses 
(household appliances, electric heating…). 

Nevertheless, additional technical, policy and regulatory innovation will be needed to unlock 
full controlled charging potential. Above all, a well-organized e-mobility market is a 
prerequisite for smart charging. The question of the financial compensation of consumers 
who provide grid services has to be seriously studied. Finally, solar-powered stations and 
smart charging and/or V2G development and integration represent significant costs. 
Experimentations are currently conducted in the different French islands to break down 
these barriers. 
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