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ABSTRACT
For the last ten years, France has encouraged the creation of small to medium sized photovoltaic (PV)
systems with feed-in tariffs, where all the PV production is injected into the grid and sold to an
accredited buyer. But today, people are more and more eager to consume what is locally produced,
and this trend has finally caught the photovoltaic market, where the word “self-consumption” is a
standard now.
The overall growth of self-consumption in PV systems was so fast, that no studies have been performed
to analyse the legal and technical context in France, nor benefits for the owner and the community. A
PV system with storage has been designed and built within WP3 and WP6 of City-zen in order to
experiment the self-consumption of the produced energy as well as services that could be provided by
batteries.
There are mainly four objectives behind this document:
•
•
•
•

describe in details the PV system with storage, and more specifically the control and
monitoring setup,
specify use cases for battery control strategy, that should have an interest for the owner or
the community,
submit the monitoring results obtained during the project lifetime,
analyse the overall performance of this kind of system and the replication opportunities.
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EXECUTIVE

SUMMARY

For the last ten years, France has encouraged the creation of small to medium sized photovoltaic (PV)
systems with feed-in tariffs, where all the PV production is injected into the grid and sold to an
accredited. But today, people are more and more eager to consume what is locally produced, and this
trend has finally caught the photovoltaic market, where the word “self-consumption” is a standard
now.
The overall growth of self-consumption in PV systems was so fast, that no studies have been performed
to analyse the legal and technical context in France, nor the benefits for the owner and the community.
A PV system with storage has thus been built and analysed within the City-zen project in order to
remedy this lack of information.
Within WP7 of City-zen related to technical monitoring and evaluation, a photovoltaic system with
battery storage, that had previously been set up on an office building in Grenoble, has been observed.
The installed system is a 16.5 kWp PV plant with a 4.5kWh (3.6 kWh usable) lithium-ion battery
connected to one of the two inverters. The system is controlled and monitored with several tools and
platforms: some are used for the control of the battery in real time and other for the monitoring of
the system in the long run. The system was commissioned in January 2018, but data transmission was
only finalized in July 2018. Besides, the first data received pointed out a dysfunction of the battery, as
it was alternating charge and discharge phases in the evening and not running at all on the daytime
when it would have been necessary. The problem was finally solved in the end of November 2018,
letting the battery with a shorter lifetime because of the almost 500 full-cycles (on the 8 000 expected
according to the manufacturer) performed by the battery during those eleven first months of
operation. In the end, both the PV system and the battery performed as expected during the design
phase: there is even a slight over-performance of the PV plant during the monitored period.
During the feasibility study, several objectives were identified for the battery: maximize the PV selfconsumption, reduce the building contracted power and provide service to the grid by reducing
network consumption peak for example. Different control strategies were set-up and tried in order to
see if they would achieve the different goals.
On the other end, the reduction of the building contracted power seems almost impossible given that
PV production is at its lowest when demand is at its highest (in winter), with moreover only a small
added value for the plant owner and the Distribution System Operator (DSO). The procurement of grid
services, as for example the reduction of the peak consumption from the local grid, is also difficult to
achieve: it would need a regular update of the battery strategy (daily or weekly depending on the DSO
demands) following an operational plan provided by the DSO. This would therefore limit this use-case
to systems with a large battery capacity.
In the other hand, maximization of the self-consumption is the natural goal for this kind of small battery
coupled with PV system, and battery control set-up has been done to facilitate its achievement. After
one year of functional operation of the PV and battery system, the recorded self-consumption rate
(part of the PV production which is directly used by the building) is of 86%, and the self-production
rate (part of the building electrical consumption which is provided by the PV and storage system) of
23%: both figures are above the expectation.
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However, given this pilot system characteristic, economic profitability is very low and battery usage
small (leading to a small gain for the owner and the community): the system would have been less
expensive, and more profitable, without the battery. This project may however be replicable in the
future, and interesting for the community, when constraints will be generated on the low-voltage grid
because of high penetration rate of photovoltaic systems. The following aspects (in order of
importance) could then facilitate the replication: decrease in the system price, decrease in the
insurance fees, self-consumption rate gain due to the battery (the less correlated the PV production
and the consumption, the bigger the interest for a battery), electricity price inflation (the higher the
electricity price the bigger the gain for self-consumed kWh).
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CHAPTER 1 – Introduction

For the last ten years, France has encouraged the creation of small to medium sized PV systems with
feed-in tariffs, where all the PV production is injected into the grid and sold to an electricity supplier.
But today, people are more and more eager to consume what is locally produced, and this trend has
finally caught the photovoltaic market, where the word “self-consumption” is a standard now.
The overall growth of self-consumption in PV systems was so fast, that no studies have been performed
to analyse the legal and technical context in France, nor the benefits for the owner and the community.
A PV System with storage has thus been built and analysed within the City-zen project in order to
remedy this lack of information.
Within WP6 of City-zen related to demonstration activities in Grenoble, a PV system with battery
storage has been set up in the office building where ALEC’s headquarters are located. This office is
called ESPACE and also hosts two other NGOs: if ALEC is the owner of the system, the electricity
produced may thus be self-consumed by the three occupants.

Figure 1 - PV panels on ESPACE’s rooftop
Within WP7 of City-zen related to technical monitoring and evaluation, the PV system with battery
storage has been observed. The goal was in particular to analyse the operation of the system to
compare it to the expected results provided by the manufacturers, and to evaluate the benefits of
different control strategies of such systems for the owner and the community.
The aim of this document is to provide both information on the set-up of a monitoring and control tool
for a PV system with storage, and an analysis of the data obtained during the project.
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CHAPTER 2 – PV and storage system

This chapter describes the PV and storage system used to experiment the self-consumption of the PV
production on an office building. The system has been built within WP6 of City-zen, and deliverable
D3.16 provides more information on its design.

2.1.

ESPACE’S PV SYSTEM WITH STORAGE

The monitored PV + storage system is made up of three PV fields, connected to two inverters: a battery
is connected to one of the two inverters. Despite that the battery is directly connected to only one PV
field, it is also used to store the production of the second one, as it is controlled by a smart meter
getting data from both inverters. The system is installed on the rooftop of the tertiary building ESPACE
in Grenoble, and the commissioning took place end of November 2017.

Figure 2 - Functional diagram (ref – Fronius)
The design of the system was made following those principles:
• Maximize PV peak power: the roof is used at its maximum capacity,
• Optimally size the battery: too small, a battery will have no impact on the self-consumption rate,
whereas too big, the marginal cost of the last kWhs will be too big to be economically
sustainable.
The design resulted in a battery sizing to reach 80% self-consumption rate, and the selected system
has the following characteristics:
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Table 1 - Technical specifications of the PV and storage system
PV field without storage
PV field with storage
PV power
10.5 kWp
6 kWp
Storage capacity
4.5 kWh (3.6 kWh usable)
Storage nominal charging power
2.4 kW
Storage nominal discharge power
Inverter power

10 kW

2.4 kW
5 kW

The PV panels are tilted at 15° and the first row is shadowed by the parapet especially in winter (see
Figure 1); the shadowed panels are connected to the inverter without storage (Figure 3). The two
inverters are installed in the technical room of the building, close to the general meter (see Figure 4).

Figure 3 - PV panels cabling
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Figure 4 - Inverters room

2.2.

MONITORING SET UP

In order to monitor and evaluate the PV and storage solution, several metering points have been
identified, and are displayed on Figure 5.

Figure 5 - Metering points
2.2.1. Data recording

The power and energy flowing through the metering points are monitored. Details are provided in
Table 2.
Table 2 - Monitored data
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Metering point
P1

P3

Data description
Power output of the inverter without storage
Power output (or input as charge of the battery from the grid may happen) of
the inverter with storage
Power input or output of the battery

P4
P5
P6

Power fed in or consumed from the grid
Power demand from the hot water system
Total power output of the PV and storage system

P2

2.2.2. Storage control strategies

Several case studies for the storage control had been identified during the design phase:
•
•
•

Maximize self-consumption: the battery charges when PV production is higher than consumption,
Reduce network consumption peak: discharge the battery during peak hours (between 15:00 and
21:00 depending on forecasts),
Reduce building contracted power: discharge the battery when power consumption from the grid
is high.

The smart meter is positioned to measure the difference between the production and the consumption
sides of the building. The information registered is used to trigger the storage usage: both charge and
discharge. This position allows to deal with the case studies defined above.

2.3.

MONITORING SYSTEMS

Several web platforms are used to monitor and operate the PV and storage system: low level tools are
for instance used to set up a command strategy for the battery, whereas high level tools are used to
monitor the system health on the long term and help organizing the maintenance for example.
2.3.1. Fonius solar.web

The solar.web platform is edited by Fronius, which provides both inverters and the battery. It allows
to monitor in real time the energy flows through the PV system, the battery and the smart meter.
Battery command strategy can also be set up remotely through a dedicated tool.
Solar.web has been used to setup the battery command strategies that were tested.
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Figure 6 - Fronius solar.web interface
2.3.2. Irio

Irio, a controller manufactured by Schneider, collects data from all the metering points of the systems:
it allows not only to monitor the PV plant but also the hot water system and electrical consumption
from the grid.
Control strategy of the hot water system can be remotely set up with Irio: when does-it begin to charge
at night? at which PV production level does-it begin to charge?

Figure 7 - Irio interface
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2.3.3. Epices

A third platform is used to monitor the system: Epices which receives data of the system from Irio’s
interface. Epices compares the PV panels production to a reference obtained from satellite data to
detect every underproduction, allows to log every maintenance intervention into a diary, automatically
creates report for the stakeholders…
Epices has been used to extract the operating data analysed in this report.

Figure 8 - Epices interface
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CHAPTER 3 – Storage use cases

3.1.

BATTERY SET-UP POSSIBILITIES

The battery documentation states the following:
« It is possible to set various time-dependent battery parameters relating to charging and discharging
power for each day of the week. This restricts the operating range of the battery.
The battery is influenced by a few external factors, including calibration charging, permitting charging
via AC, power limitation of the inverter, or control parameters sent via Modbus. The time-controlled
battery parameters have the lowest priority here and may not be met due to other parameters. »
Irio not only collects data from the PV and storage systems, but also allows to connect to the Fronius
platform to modify the battery set-up. This gives the possibility to modify the following things:
• Signal threshold: under this threshold there will be no battery operation (Figure 9),
• Minimum duration of one operating phase (Figure 9),
• Maximum use time per day (Figure 9),
• Battery self-consumption goal: 100% self-consumption goal means a goal of 0 W of power
injected in the grid at all time, but another goal could also be to feed-in 10 kW in the grid at all
time (Figure 10),
• Time-dependent constraints: this is possible to add constraints of maximum/minimum
charge/discharge per time interval, with a time granularity of 1 min (Figure 11).

Figure 10 - Battery self-consumption goal
Figure 9 – Battery non-temporal control
parameters
The battery control strategies can be changed manually through this user interface; this is how the
different strategies tested for this reported were set-up. This way of setting-up the battery is
manageable when there are only small changes from now and then, but do not allow to follow dynamic
rules.
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Figure 11 - Battery time-dependent control parameters

3.2.

TESTING PERIODS

During one year, the PV and storage system was tested in order to demonstrate its ability (or not) to
fulfil given objectives:
• Maximize self-consumption,
• Reduce network consumption peak,
• Reduce building contracted power.
Two of those goals (maximize self-consumption and reduce network consumption peak) could be
tested by modifying the battery time-dependent control parameters. Table 3 summarizes the periods
associated to each strategy testing. As goals can be achieved with different strategies, and can even
be combined, several strategies to achieve one goal were tested in each period.
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Beginning
01-12-2018
15-05-2019
24-05-2019
24-06-2019
01-07-2019

Table 3 - Strategies testing periods
End
Goal
14-05-2019
Maximize self-consumption
23-05-2019
Reduce network consumption peak
23-06-2019
Maximize self-consumption
30-06-2019
Reduce network consumption peak
Maximize self-consumption

Because of the technical complexity in forecasting the consumption of the building, the goal to reduce
the building contracted power could not be tested during the project. A simulation was instead
performed with the collected data and a model for the battery operation. The result gives the
maximum revenue that can be obtained with perfect production and consumption forecast.

3.3.

OVERALL RESULTS

Figure 12 - Overall results

3.4.

FAULTY CONTROL STRATEGY

Although the PV system began to produce in December 2017, the first set of data needed for the
analysis was only received in July 2018. Between January and July 2018, the team worked on the data
collection and correction, the files creation, the FTP setup and the bug resolution. The first data
analysis showed that the operation of the battery was very different from what was expected. As can
be seen in Figure 13 below, where data from 7 October 2018 is displayed, the battery was alternating
between charge and discharge phases during the night but did not function at all during the day. This
problem appeared to be due to a problem in the cabling of the smart-meter, which led to an
inadequate command signal to the battery.
DELIVERABLE D7.12 | CO confidential
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Figure 13 - Battery operation with a smart meter badly positioned
The first case tested on this PV and storage system was thus one where the system setup is faulty and
the storage control strategy inaccurate. During the whole period with a badly positioned smart meter,
the battery alternated between charge and discharge, and a huge number of cycles was thus
performed.
On the first year of operation, 507 cycle were indeed performed by the battery, mostly during the
summer period where up to 10 or 15 cycles could be reached in one day. Compared to the expected
cycle life of the battery, which is of 4 000 according to the manufacturer, the battery lifetime would
be less than 8 years in those conditions. It supports the fact that the battery needs a careful
commissioning that includes the control of the command strategies; control command that should also
be supervised during the project lifetime in order to prevent a shortened lifetime of the battery.
On the other hand, results of the summer 2018 already gave information on the system performance
and usefulness:
• PV production during the summer reached expected levels, which validates the simulation of the
PV production that was performed,
• PV self-consumption rates during summer months was between 70% and 80%, which is already
close to the 80% expected with the battery during the system sizing (see Figure 14).

DELIVERABLE D7.12 | CO confidential
p. 18

City-zen – GA n° 608702

Figure 14 - PV self-consumption during summer 2018
The smart meter set up was finally corrected on December 1st 2019.

3.5.

MAXIMIZING SELF-CONSUMPTION RATIO

The business case behind the majority of small sized PV and battery systems is a maximization of the
PV self-consumption with the battery.
3.5.1. Self-consumption constraints

→ Electricity consumption dependent of the season
Alike France national electricity consumption, the electricity consumption of the ESPACE building is
dependent on the season, and the peak consumption level arises in winter, when PV production is at
its lowest.
The monthly consumption of the building is indeed of approximately 4 000 kWh between May and
September, while it exceeded 12 000 kWh in January 2019. On the other hand, the PV production
varies between 400-600 kWh in winter and 2500-2800 kWh in summer (Figure 15).
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Figure 15 - Espace monthly production and consumption
The monthly consumption is thus approximately 20 times higher than the PV production in winter, but
only 1 to 2 times higher in summer.
As a consequence, 100% self-consumption level could be easily reached in winter (even without any
storage use), and PV injection into the grid could not be prevented during summer (a much bigger
battery would have been needed for that).
PV production is indeed fed into the grid when it is higher than building consumption and battery is
full or inoperative due to the battery strategy chosen. This will mostly appear between April and
September, when the ratio between monthly production and consumption is below 2.5.
→ Electricity consumption dependent of the day of the week
The battery has been designed to reach an 80% self-consumption ratio goal, and is quite small
compared to PV plant peak power. The main risk of injection into the grid lays when production is at
its highest and consumption at its lowest for at least a couple of hour. In the worst case, with a 100%
PV production and no consumption, the battery could be filled in 15 minutes.
Espace building is a tertiary building with almost no activity during the weekend. Electric consumption
is thus much lower during the weekend than during the week, even though there is a consumption
baseload of approximately 1 kW linked to servers and air treatment (Figure 16).
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Figure 16 – Espace consumption depending on day of the week
As shown on Figure 17, power injection into the grid is higher during the weekend for every month of
the year, or almost. There is indeed an exception during the month of May 2019, with high injection
levels between Wednesday and Friday. This is explained by lower consumption on those days due to
public holidays on Wednesday May 1st, Wednesday May 8th, Thursday May 30th, and long weekends
usually taken at those periods.

Figure 17 - PV injection into the grid depending on day of the week
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→ PV self-consumption constraint analysis
From the analysis below, it is expected to get lower self-consumption ratio on weekend days between
April and September. An analysis of daily data confirms this assumption, see Figure 18:
• Electricity consumption and PV production depend on the weather, but daily self-consumption
ratio varies mostly when both variables are of the same magnitude: between April and
September,
• Self-consumption rate drops between 50% and 75% each weekend day between April and
September,
• An almost 100% self-consumption rate is reached during each winter day, even the weekend,
but production covers less than 20% of the electricity consumption.

Figure 18 - Espace daily production and consumption curves
An analysis of the sub-hourly data gives information about the exact periods where electricity was fed
into the grid. Raw data were aggregated on a monthly basis, which is seen as an appropriate scale for
analysis. Figure 19 displays the average difference between PV production and building consumption
on a sub-hourly scale for a week day:
• The monthly average difference between production and consumption is almost always below
-5 kW,
• Between May and September, the average difference is higher than -2 kW between 10am and
16pm,
• There is a risk of injection when the production is higher than the consumption during a
significant amount of time, so mostly between May and September for the week days.
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Figure 19 - Difference between PV production and building consumption profiles on week day
depending on the months [kW]
As for the weekend, the battery is too small to reach a 100% self-consumption ration between March
and October.
3.5.2. Use cases

→ Use case 1: PV self-consumption during one summer week day
The first use case is Wednesday 3rd July 2019, which is displayed on Figure 20. This day was chosen
because this is a classical week day of the summer period when holidays period has not started yet:
PV production is close to its maximum, almost all the team is at the office. The observations on the
system operation are the following:
• Consumption is almost always higher than PV production,
• Battery is operating approximately a third of a full cycle,
• 100% self-consumption,
• 50% self-production,
• Very low injection into the grid around noon,
• 30% drop in the peak demand at 18h00 (even with no specific goal).
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Figure 20 - Maximizing self-consumption during summer week days
Use case 2: PV self-consumption during one summer weekend
The second one is Sunday 7th July 2019, which is displayed on Figure 21. This day was chosen because
this is a classical weekend of the summer period with no activity in the building and a PV production is
close to its maximum. The observations on the system operation are the following:
• Mean power consumption of 5 kW,
• Battery performs approximately a full cycle,
• 70% self-consumption,
• 50% self-production,
• Electricity fed into the grid around between 10h30 and 17h (24 kWh in total),
• No drop in the peak demand that arise à 21h00.

Figure 21 - Maximizing self-consumption during summer weekends
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→ Use case 3: PV self-consumption during one spring week day
Third example is Wednesday 15th May 2019, displayed on Figure 22:
• This day was a beautiful working day, with PV production close to its maximum, but a low
consumption,
• Battery is filled in 2h between 10 and 12 am,
• Electricity is injected in the grid during almost all afternoon,
• Daily self-consumption rate is of 70%.

Figure 22 - Maximizing self-consumption during spring week days

3.5.3. Self-consumption economy

The PV and storage system has been connected to the grid with a contract of “self-consumption with
surplus sale”. This means that electricity can be self-consumed in the building and thus lead to savings
on the electricity bill, and that the electricity surplus fed into the grid is sold at a fixed price to an
accredited buyer.
Table 4 summarizes the revenue associated to each kWh either self-consumed or fed into the grid. The
revenue associated to the self-consumed energy varies depending on the season and time as stated in
the power procurement contract. Maximum revenue per kWh self-consumed is achieved in winter,
when PV production is at its lowest.
Table 4 – Valuation of electricity savings and surplus sale for a PV system in self-consumption
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Gain

Electricity
bill

Surplus
sale

Type of
contract
Power
procurement
contract with
seasonality
price

Period

Electricity cost TTC
c€/kWh

Taxes TTC
c€/kWh

Total cost TTC
c€/kWh

15.22

2.23

17.45

13.00

0.74

13.74

12.08

0.64

12.72

11.62

0.64

12.26

Winter
Peak hours
Winter
Off-peak hours
Summer
Peak hours
Summer
Off-peak hours

PV surplus
selling contract

6

6

3.5.4. Global self-consumption results

The deliverable D3.16 deals with the PV and battery system sizing. Without any battery, selfconsumption was estimated at 69%, while, with a battery of 4.5 kWh, 80% of self-consumption was
expected. The battery installed has a total capacity of 4.5 kWh, but the depth of discharge is of only
80%, which means that the usable storage capacity is of only 3.6 kWh.
Table 5 sums up the PV and storage self-consumption results obtained between December 2018 and
November 2019.
Table 5 - Self-consumption synthesis
Season

SelfConsumption

Selfproduction

Battery full
cycle

Economy on
electricity bill

Winter
Spring
Summer
Fall

98%
82%
84%
89%

7%
32%
48%
22%

11
71
79
42

363 €
671 €
785 €
365 €

Sale of
electricity
(6 c€/kWh)
2€
64 €
69 €
21 €

Total

86%

23%

202

2 184 €

156 €

3.6.

LIMITATION OF THE SUBSCRIBED POWER OF THE BUILDING

3.6.1. Power procurement contract

The building electricity bill contains two different kind of amounts:
•
•

Fixed: membership
Variable (proportional on consumption): electricity cost, taxes

In the current contract, the subscribed power for the building is of 42 kVA. The fixed cost is itself the
sum of a fixed part (approximately 600 €/year) and a variable one proportional to the subscribed power
(close to 16€/kVA/year).
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The variable cost is lowered because of the self-consumed electricity (self-consumption optimisation
strategy). The PV and storage plant can also be used to lower the peak power extracted from the grid,
and thus the fixed cost associated to the power procurement contract. Unlike the self-consumption
optimisation, limiting the power extracted from the grid is a winter task (see Figure 23 : building
consumption is at its highest in the winter morning): both goals can be followed without strategies
interference.

Figure 23 - Building consumption profile on week days
3.6.2. Peak power reduction possibility

The electricity peak demand of ESPACE building during winter 2018-2019 was observed mid-February.
As can be seen in Figure 24, the peak demand was reached on Monday 12th of February 2019, in the
early morning, before the PV plant even started to produce. The winter consumption profile has the
following properties:
•
•
•
•

Consumption during the weekend is lower (below 15 kVA),
The peaks on the electrical demand happen on Mondays, which is linked to the cooling of the
building when unoccupied during the weekend,
Demand peaks happen in the morning (between 8h and 9h30 approximately): peak reduction
cannot be based on PV production,
Demand peaks are short: battery can be used at a significant power to reduce the peak.
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Figure 24 – Period of maximum electric consumption for ESPACE building during winter 2018-2019
The peak power extracted from the grid could be theoretically lowered to 34 kVA during the monitored
period, with the battery being used less than 10 times for that. The longest battery usage on one day
would be of 1h30, cut in two period of respectively 1h and 40 minutes.
But, the nominal charging and discharging power of the battery are of only 2.4 kVA, which means that
the peak power extracted from the grid can only be lowered to 37.8 kVA, with no security margin.
To do so, the battery operation must be directly linked to the extracted power, and the battery strategy
set with a goal not to exceed a given value of extracted power.
This cannot be done easily with the battery management system, and was thus not tested during the
project. This is possible to establish such a strategy with an external tool taking the extracted power
as input, and modifying the battery strategy as output through the user interface provided: this could
be done without any other material, but the responsiveness and accuracy of the solution should be
tested. An easier solution would be to directly manage the battery from an external tool, which would
need further investigation to assess feasibility.
3.6.3. Revenue on the power procurement contract

There are no power procurement contract offers between 36 kVA and 42 kVA, so this option should
be linked to other peak-shaving measure as active power management. This has already been done
and led to a reduction of the contracted power from 60 kVA to 42kVA.
If this was possible to limit the contracted power to 36 kVA, then the gain on the membership cost
would be: 6 𝑘𝑉𝐴 ∗ 16 €⁄𝑘𝑉𝐴⁄𝑦𝑒𝑎𝑟 = 96 €⁄𝑦𝑒𝑎𝑟
But there are some drawbacks:
•
•

the cost to change the electricity meter is of 300 €,
there is no margin on the demand, and a peak above 36 kVA will lead to devices shutdown,
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•

services provided for contract equal or below 36 kVA are not as good as the one for contracts
above 36 kVA.

Lowering the building contracted supply power can thus not lead to extra revenue in that specific
case.

3.7.

REDUCTION OF PEAK CONSUMPTION FROM THE LOCAL GRID

The connection of production plant and/or storage on the low-voltage network can also help balancing
production and consumption on the neighbourhood level and thus alleviate frequency and voltage
constraints.
Without any information on the consumption in ESPACE building neighbourhood, it is assumed that it
is close to the national one. The Figure 23 above displayed the building consumption profile variation
along the year, which is similar to national consumption profile and confirms that this assumption can
be made.
The PV plant only has an impact on the power extracted from the grid by the building, as can be seen
on Figure 25. Because PV production is higher in summer than in winter the difference is mostly seen
at this period: instead of having a higher extraction in the daytime than in the evening, the contrary
happens, with even injection into the grid when PV production is at its peak. Given a certain amount
of PV on neighbourhood rooftop, the overall consumption may be flattened in the summer period. As
winter peak demand arises when there is no PV production (early in the morning), battery are
necessary to lower it.

Figure 25 - Building extracted power profile on week days
3.7.1. Winter

Due to predominance of electric heating in France, consumption of electricity is at its maximum during
the winter, especially in the morning and the evening.
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Eco2mix is a website published by RTE (Réseau de transport d’électricité) (French TSO - Transmission
System Operator) which displays information on French electrical consumption, production, C02
emissions… Figure 24 is a screenshot of the website, which shows French electrical consumption on
Tuesday 12TH of February 2019. The consumption on that day (a classical winter week day) is especially
high:
• In the morning: between 7h and 10h
• In the evening: between 18h30 and 20h30
Those are periods with no PV production, it is thus not possible to count on PV to limit the peak power
demand.

Figure 26 - French electricity consumption on 2019 February 12th
(source: https://rte-france.com/fr/eco2mix/eco2mix-consommation)
This is however possible to count on the battery storage to either shift PV production to those peaks
of demand or to charge during low consumption period (during the night or the middle of the
afternoon) and discharge in the morning or evening.
Because of the small PV production in winter, there is no period with an excess of PV production at the
building scale, so charging from PV or from the grid will basically have the same economic impact as
well as lead to approximately the same losses (for a fixed charge period).
The economic balance will thus entirely depend on the comparison between the cost of discharging
1kWh (which is basically the cost of lost kWhs to provide this 1kWh) and the value for the network of
that 1kWh.
3.7.2. Summer

Summer consumption curve is quite different from the winter one, which is partly due to the lack of
heating during that period, and the need for cooling systems during the day (see Figure 27):
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•
•
•
•

consumption raises smoothly from 7h to 12h,
lunch peak between 12h and 13h.
consumption decreases smoothly from 13h to 18h,
small peak between 22h and 00h due to off-peak hour beginning.

Figure 27 - French electricity consumption on 2019 June 26th
(source: https://rte-france.com/fr/eco2mix/eco2mix-consommation)
Summer is also the maximum production period for PV plants in France, daily production period which
moreover coincides with the maximum consumption period. The PV plant only can thus itself lower
the demand of the building between 8h and 20h, when consumption is at its daily maximum.
With a high level of PV in the LV-grid, the risk may even be to have too much production compared to
consumption on the neighbourhood level. Batteries could help tackle this issue as they can shift the
maximum daily production from a low consumption period to a high consumption period. The strategy
tested on June 25th (see Figure 28) is one of those:
•
•
•
•

Battery is charged between 12h and 16h, when PV production is at its highest,
The battery is half-discharged between 17h00 and 21h00 to equilibrate the building extracted
power,
The other half is discharged in the morning, when PV plant is not yet producing but building is
already “woken up”,
A discharge peak has been settled between 12h and 13h to balance lunch peak consumption.

It can be seen on the graph, that the extracted power of the building, except the infra-hourly variation,
is quite stable around 5 kVA. There is one small exception between 10h and 13h with a drop on the
extracted energy to almost 0 kVA. This issue has been identified and could be tackled with:
•

a more detailed building consumption analysis that would give information on expected
consumption curves of the next day, week or month,
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•

battery strategies changed frequently and tailored for specific consumption pattern identified
before.

Figure 28 – Espace data 2019, June 26th
3.7.3. Perspectives

With the development of distributed PV, electrical grid equilibrium may be constrained in the future
(French grid can still bear small PV systems in a significant quantity). The capacity of a PV plant to adjust
its production or to shift production from low to high consumption periods thanks to batteries may be
helpful for the DSO (Distributed System Operator).
Two perspectives are identified:
•

•

The producer signs a contract with the DSO, in which he commits to charge and discharge the
battery at specified time periods (during days or weeks that are identified as constraining for
the grid) in order to alleviate voltage constraint on the LV-grid. In exchange for this service,
the DSO may for example offer a reduction on the grid connection cost, as this commitment
may reduce the grid reinforcement cost. The producer is responsible of the battery control
strategy, and to meet its commitment.
The battery receives a signal from the DSO, that can force its operation in charge or discharge
mode. This situation would need extra-infrastructures, and the availability of a tool on the DSO
side that could automate the management of distributed storages. There are still many open
questions on the technic and economic feasibility of this opportunity. The DSO can interfere
in the battery control strategy implemented by the producer.
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CHAPTER 4 – Overall monitoring results

The performance of the PV and storage system depends on the performance of its components, which
are basically the production side (PV plant) and the storage side (lithium-ion battery). This chapter will
evaluate each component on its own to verify that they are operating properly, and then assess the
overall performance of the system compared to the expectation.

4.1.

PV PERFORMANCE

The PV production data are stored and identified in the monitoring platforms. Given the size of the
system, there is neither probe nor pyranometer on the rooftop to monitor the irradiation. The two
references used are thus the following:
•

Theoretical production: those are the data that were used during the feasibility study. This is
an hourly reference for a typical year, that was calculated for the specific location but a project
slightly different from the built one (PV panels slope and azimuth). This reference allows to
evaluate the performance of the project compared to what was expected during design phase.

•

Satellite reference: this reference is taken from Epices monitoring platform and takes as input
satellites data on an hourly timestamp (irradiation, temperature…) and PV plant technical
description, to calculate a real-time production reference. This reference allows to evaluate
the performance of the PV plant given the meteorological environment.

Data were aggregated on a monthly basis between January 2018 and November 2019. Results
displayed in Figure 29 can be analysed in this manner:
•
•
•

Monthly production curve follows a curve similar to the chosen references,
Theoretical reference comparison with PV production is erratic, probably due to the fact that
it’s not updated with real meteorological data,
Satellite reference is overall very close to the real production curve, with no month with big
gap.
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Figure 29 - PV plant monthly performance evaluation between 20-01-2018 and 30-11-2019
Aggregated results on a yearly based are displayed in Table 6.
It appears that even if the monthly repartitions of the production are quite different between the
theoretical production and the real one, the overall yearly results are very close, with an absolute
difference below 5%. During the almost two years studied, there is a slight under performance of the
plant compared to the objective in the business plan.
There are some monthly differences between the satellite reference and the PV production, which
lead to 3% under-production of the plant compared to the satellite expectation on the studied period.

Year
2018
2019
Total

Table 6 - PV plant yearly performance between 20-01-2018 and 30-11-2019
Theoretical
Satellite
Real production (prod – th)/th (prod-sat)/sat
production
reference
(Prod) [kWh]
[%]
[%]
(Th)[kWh]
(Sat)[kWh]
18 566
18 911
18 267
-1.6%
-3.5%
18 395
18 584
18 102
-1.6%
-2.6%
36 961
37 495
36 369
-1.6%
-3%

Those results are consistent with the monitoring results of the test period:
•
•
•
•

No alarm triggered by the inverter,
No alarm (other than communication alarm) triggered by the monitoring platform (Epices),
No panel failure detected visually on the panels,
No maintenance performed that needed to stop the system.

PV plant is operating at its full capacity.
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4.2.

BATTERY PERFORMANCE

4.2.1. Data quality

Data from the PV and storage systems are collected and sent to the monitoring platform Epices, which
allows access to all historical data and facilitates the analysis. However, the data received by Epices
provokes questioning:
•
•
•
•

Figure 30: the battery state is mostly set up as “Empty” for state of charge (SoC) between 0
and 20%,
Figure 31: there are almost no charged electricity recorded for SoC up to 20%. In other words,
the energy charged when SoC is below 20% is not recorded and sent to Epices,
According to the data received by Epices, a 100% battery charge corresponds to only 2.8 kWh,
which is only 80% of the theoretical capacity of 3.6 kWh,
In discharge mode, the observation is similar from the one above: a 100% battery discharge
corresponds still to 2.8 kWh, and the gap between the SoC variation and the discharge energy
recorded is at its highest for small SoC.

Figure 30 - Number of records of each battery state (empty, charge, discharge...) depending on the
battery state of charge

Figure 31 - Charged energy recorded on different state of charge intervals
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In order to understand those data, a comparison was performed on specific days with the data
available daily in the Solarweb platform. Figure 32 displays the example of 2019 August 4th, where the
battery fully charges between 9:20 and 11:00, with a total amount of energy equal to 3.6 kWh. In that
case, and all other observed, Solarweb platform displays charged or discharged amount of energy in
accordance with the state of charge of the battery.

Figure 32 - Solarweb platform monitoring the charge of the battery on August 4th 2019
As historical sub-hourly data are not easily available through Solarweb platform, it was necessary to
calibrate battery data received by Epices to fit the Solarweb data. The solution found was to calculate
charged and discharged energy from the battery SoC variation (which appeared to be correct) and to
calibrate the losses with Solarweb monthly data. The relative absolute gap between the monthly
aggregated results from this calculation and Solarweb data is always below 5%; this sub-hourly data
can thus be used for analysis.
4.2.2. Battery management strategies

As explained previously in CHAPTER 3 – 3.1, battery operation can be constrained through the Fronius
web portal. As a reminder, the possibilities given to the end user are the following set-ups:
•
•
•
•
•
•

Command signal: PV Power or injected power,
Signal threshold under which the battery won’t operate,
Minimum duration of one operating phase,
Maximum use time per day,
Battery self-consumption goal,
Time-dependent constraints (granularity of 1 minute):
o Minimum charging power,
o Maximum charging power,
o Minimum discharging power,
o Maximum discharging power,

Those controls allow to easily or not fulfil the different goal set at the beginning of the project (Table
7).
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Goal
Maximize selfconsumption

Reduce network
consumption peak

Reduce building
contracted power

Provide real-time grid
ancillary services

Table 7 - Battery goal achievement easiness
Easiness
Explanation
Easy

This goal can be set-up in the battery management
platform.

Moderate

A fixed pattern for the battery charge and discharge
operation can be entered through the platform, but
human intervention is needed. It could be performed
given the following rule:
• Pattern is fixed for a while (week/month)
• Pattern is simple (no more than one or two
dozen of constraints)

Complex

A forecast of the consumption curve is needed for the
days with high consumption peak expected; this
forecast should be precise and made at least one day
before. The real peak on the consumption curve will
depends on the forecast precision.
Given a day-ahead forecast of the consumption curve,
an optimal battery management can be set-up, but the
complexity lays in:
• Need to be set every winter day for the next
day,
• Need a high precision (5 minutes operation
pattern) to get good results

Impossible

To fulfil this goal, the battery should be able to charge
or discharge at a specific power level updated by the
DSO on real-time. This can not be performed with
current operation management system.

4.2.3. Performance evaluation

Monthly battery operation data are received since August 2018, and even if the correct battery set-up
only took place in December 2018, prior data can still provide information on battery performance.
Monthly charged and discharged energy as well as calculated battery efficiency are displayed on Figure
33 and lead to the following analysis:
•
•
•
•

Battery efficiency vary between 83% and 88%: it is not stable because of the battery selfdischarge. The more the battery is empty, the higher the battery efficiency will be.
The battery was used a lot up to November 2018: this is linked to a faulty system set-up.
The battery is almost not used during the winter: production is almost always lower than
consumption.
The battery is used daily from March/April to October/November.
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Figure 33 - Battery operational results between July 2018 and November 2019
A synthesis of the results between September 2018 and August 2019 has been performed, including a
seasonal analysis (Table 8). Results match the ones obtained with a monthly aggregation:
•
•
•
•

Battery is almost useless during the winter period,
Battery is operating regularly between March and November,
Average battery efficiency is of 87%,
With that operation level, the cycle life given by the producer of 8 000 corresponds to a 40
years life expectancy. However, the question on the robustness of the battery to non-complete
cycles remains open and could only be answered at the battery end of life.
Table 8 - Battery yearly performance (from data between 01-12-2018 and 31-11-2019)
Energy
Energy
Battery full
Battery
Season
charged
discharged
cycle
efficiency
Winter
41
35
11
87%
Spring
294
255
71
87%
Summer
329
285
79
87%
Fall
174
150
42
87%
Total
837
726
202
87%

4.3.

ECONOMIC PERFORMANCE

The economic performance of the project can be estimated from known variables (CAPEX, electricity
surplus sales price), and estimated ones (OPEX, self-consumption rate, electricity price inflation).
Several scenarios will be presented, as well as an analysis of the impact of each parameter on the
project economic balance.
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4.3.1. Economic parameters

→ Capital expenditure (CAPEX)
CAPEX is a fixed parameter equal to the investment cost for the PV and battery system. The system
cost 52 000 € including taxes, and beneficiated from 16 000 € of EU funding within City-zen. It
corresponds to a price of 3.1 €/Wp including taxes without funding, and 2.2 €/Wp including taxes with
funding considered. The system is expensive, with a cost repartition displayed on Figure 34.

Figure 34 - System cost repartition
PV and storage systems are still scarce in France, but their number may raise quickly. The increasing
will of the citizen to consume what is locally produced, as well as the publication of the French law
related to self-consumption in 2017, are indeed facilitating the creation of PV plants in selfconsumption. This trend is already perceptible on French market.
A consequence of an increase in the number of systems of this kind will most probably be a decrease
in the system cost. The CAPEX parameter may be lowered to evaluate the future profitability of project
like this one.
→ Operational expenditure (OPEX)
All expenses made to run the system are grouped inside OPEX parameters: insurance fees, monitoring
expenses, maintenance (including material change), … In order to simplify the analysis, all expenses
are aggregated and an average yearly value is provided.
Two parameters may have a huge impact on OPEX value:
•
•

Insurance fees: those fees can be very high in France and constitute up to 30% of yearly
revenues,
Maintenance: for small systems like that, the maintenance price is mostly impacted by the
likelihood of the need of inverters and battery replacement.
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→ Self-consumption rate
Self-consumed electricity and surplus electricity are not valued on the same level:
•

•

Self-consumed electricity is valued at the price of purchase of electricity from an external
supplier, i.e. between 12.2 and 17.5 c€/kWh TTC depending on the time period. The average
value for a self-consumed kWh observed during the monitored period is of 14.1 c€/kWh.
Surplus electricity may be fed into the grid freely or beneficiate from a surplus purchase
contract at a regulated price, which is currently of 6c€/kWh.

An increase in the self-consumption ratio means an increase in revenue, as value of a self-consumed
kWh is almost the double of a fed-in kWh. Several scenarios are tested with self-consumption ratio
between 70% and 100%.
→ Electricity price inflation
The electricity price in France is particularly low, mostly because nuclear electricity cost is artificially
low as infrastructure is amortized and dismantling cost is undervalued; in other words, previous and
next generation pays for today low electricity cost.
The first consequence is that benefices from self-consumed electricity are lower than what they could
be, which impacts economical balance of PV in self-consumption project. This also partly explains the
fewer number of small PV systems in self-consumption in France compared to Germany where
electricity price is almost double.
The second consequence is that the electricity price is set to increase in the coming years, and the
economies made on the electricity bill thanks to the PV system will rise proportionally. Several
scenarios of electricity price inflation are tested; to simplify, all of them are smoothed to a fixed annual
rate.
→ Electricity surplus price
In France, PV systems with peak power lower than 100 kWp can beneficiate from states regulated
binding purchase agreements. The existing options are the following:
•

Feed-in the whole production: the PV production is metered and sold to a fixed price
depending on the system peak power. For 16.5 kWp system, the current price is of 12.07
c€/kWp. Drawbacks are that a meter from the DSO should be installed just after the PV system,
and the producer shall certify that a technical device has been installed to ensure that the
battery is only charged from the PV system. This reduces the opportunity to provide services
to the grid with the battery.

•

Self-consumption with surplus sale: part of the production is self-consumed and the surplus
is fed into the grid and sold to a fixed price of 6c€/kWp for systems with a peak power between
9 and 100 kWp. An investment premium is also provided, equal to 19c€/Wp for systems with
a peak power between 9 and 36 kWp. Drawbacks are that a meter from the DSO should be
installed just after the PV system, and the producer shall certify that a technical device has
been installed to ensure that the battery is only charged from the PV system. This reduces the
opportunity to provide services to the grid with the battery.
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•

Full self-consumption: the whole PV production is self-consumed in the building. For small PV
system, the surplus injection into the grid is tolerated, and no extra meter from the DSO is
needed. The value of the self-consumed electricity is equal to the saved cost on the electricity
bill, while surplus electricity is not valued. This more the self-consumption rate and the
electricity price, the most profit.

Given that the extra meter from the DSO is not very costly in this particular case, the self-consumption
with surplus sale was chosen. The surplus price may decrease or even disappear in the future: this is
thus the last parameter chosen for scenario creation.
4.3.2. Scenarios description

In order to evaluate the resilience of the system profitability to the parameters above, several
scenarios have been built:
•
•
•
•
•

Project: description of the project as it was during the construction phase.
Current: description of the system with the first years monitoring results. Assumption on the
electricity price inflation is on the average +2.5%/year.
Best case: idea of the current best possible scenario.
Worst case: idea of the current worst possible scenario.
Low investment: parameters sets as expected for future systems during massive replication
phase.

A comparison between the scenario has been performed based on the Internal Rate of Return (IRR) of
each one, based on a period of 20 years after commissioning. The results are synthetized in Table 9.
Table 9 – Economic balance of scenarios
Best
Worst
Unit
Project Current
case
case

Low
investment

Impact

CAPEX

[€/Wc]

3.1

3.1

3.1

3.1

2

***

OPEX

[€/year]

90

90

90

300

90

***

Self-consumption rate

[]

80%

85%

90%

70%

85%

**

Electricity price inflation

[]

2.5%

2.5%

4%

1%

2.5%

**

[c€/kWh]

0

6

6

6

0

*

0.3%

0.9%

2.6%

-3.6%

4.6%

Electricity surplus sale
price
IRR (20 years)

4.3.3. Perspectives

Given the high system cost, even the best-case scenario lead to an IRR below 3%; but on the other
hand, even in the worst-case scenario profitability is reached in 20 years, proving the resilience of this
kind of project.
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The “low investment” scenario, representative of what is expected in a near future, presents the best
results, with an IRR close to 5% after 20 years, even with conservative value for all other parameters
than investment cost.
Replicability and massification may happen if at least a small profitability is expected. As seen above,
profitability varies depending on the selected parameters, but not equally. This is thus possible to order
the parameters in order of impact on the project profitability. This is also the order in which the
subjects should be treated to accelerate the replication of this kind of project:
1.
2.
3.
4.
5.

CAPEX: decrease of the system price,
OPEX: insurance fees not too high with respect to expected revenues, equipment lifetime,
Self-consumption rate: optimal battery sizing,
Electricity price inflation: market and public policy,
Electricity surplus sale price: public policy.
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CHAPTER 5 – Communication

5.1.

AVAILABLE COMMUNICATION TOOLS

5.2.

SCIENTIFIC PAPERS AND OTHER PUBLICATIONS

Date

Title
Etude sur les risques inhérents à l’utilisation de
03/2019 Publication
batterie de stockage d’électricité
Legal, technical and operational feedback from
a PV System with storage for self-consumption
Scientific
09/2019
installed in France.
Poster
By N. Lebert, B. Gaiddon, J. Buffiere, F. Lagut, S.
Fraisse
09/2019 Poster
Installations photovoltaÏques en
2019
Publication
autoconsommation

5.3.

Type

Publisher

Public

FFA

EU PVSEC

x

OFATE
Guide PACTE

x

MEDIA COVERAGE AND EVENTS

Date

Location

Type

Name

31/01/2018

Grenoble

Conference

City-zen Days

01/2018

National

06/03/2018

Ghent

Article on web
press
Conference

07/03/2018

Lyon

Conference

05/2018

Grenoble

Conference/Visit

11/07/2018

Paris

Think tank

10/09/2018

Grenoble

Classes

07/2018

Grenoble

TV News

07/2018

Grenoble

Article

09/2018

Grenoble

Article

10/01/2018

Lyon

Classes

Tecsol
Space4Ghent
Regional
conference on selfconsumption
Inauguration of PV
Plant
Think Smart Grid
Visit and Classes to
French engineering
students
Tele Grenoble
interview for TV
Dauphiné Libéré
Newspaper
Place Grenette
Newspaper
Classes to French
engineering
students

What
Field-visit and
oral presentation
Article on web
press
Oral presentation

Link

link
link

Oral presentation
Oral presentation
+ visit
Oral presentation
Visit / Classes
TV News

link

Newspaper
article
Newspaper
article
Classes
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10/01/2019

Grenoble

Classes

10/01/2019

Lyon

Classes

11/01/2019

Lyon

Classes

03/2019

Grenoble

Conference/Visit

02/04/2019

Amsterdam

06/2019

Grenoble

11/09/2019

Marseille

Conference
Article in
website
Conference

25/09/2019

Berlin

Conference

09/2019

Grenoble

Visit

Visit and Classes to
French engineering
students
Classes to French
engineering
students
Classes to French
engineering
students
Grenoble Ville en
transition
City-zen Days

Visit / Classes

Classes

Classes
Oral presentation
+ visit
Poster

link

Alec Website

Article

link

EU PVSEC 2019
OFATE “Storage as
a flexibility vector
for energy
transition”
habitants

Poster

link

Poster

link

Visit

Figure 35 – Media coverage examples (press articles, interviews and field visit)
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Figure 36 - Poster presented in scientific conferences
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CHAPTER 6 – Conclusion

6.1.

MAIN CONCLUSION

The PV and storage system that has been monitored and analysed in this document has been designed
and developed within the City-zen project. Differences between the expectation during the design
phase (D3.16) and the results obtained during the first monitored year are displayed in Table 10 below:
the system overachieved its objectives!
Table 10 – Monitored system goal achievements
PV selfInvestment
PV production
Consumption

Reduction of bill
year 1

Design

53 000 €

18 919 kWh

80 %

2 100 €

Monitoring

52 000 €

18 520 kWh

86 %

2 184 €

During the monitoring period, several control strategies were tested successfully. But in the end, only
one of them appear to be easily feasible and profitable.
The reduction of the building contracted power seems indeed almost impossible given the current
system control tool, with moreover only a small added value for the plant owner and the Distribution
System Operator (DSO). The procurement of grid services, as for example the reduction of the peak
consumption from the local grid, is also difficult to achieve: it would need a regular update of the
battery strategy (daily or weekly depending on the DSO demands) following an operational plan
provided by the DSO. This would therefore limit this use-case to systems with a large battery capacity.
In the other hand, maximization of the self-consumption is the natural goal for this kind of small battery
coupled with PV system, and battery control set-up has been done to facilitate its achievement. After
one year of functional operation of the PV and battery system, the recorded self-consumption rate is
of 86%, and the self-production rate of 23%.
During the design phase, a self-consumption rate of 80% was expected, but with a different design of
the system (the PV peak power was of 15.7 kWp and the battery size of 4.5 kWh usable), and
incomplete simulation data (from May to November 2016 only). The overachievement of the goal may
thus be partly due to:
• the project evolution,
• the fact that winter period was not considered during the design, while this is the most
favourable to self-consumption,
• changes in the production and consumption pattern.

6.2.

TECHNICAL, ECONOMIC AND SOCIAL LESSONS LEARNED

Except from the initial difficulty in the positioning of the smart meter, leading to some anomalies in
the battery operation, both PV system and battery performed at least as well as expected. The material
indeed reached the performance announced by the manufacturers, and no downtime or unavailability
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were noticed during the almost two years of operation. On a technical point of view, the operation is
thus a success.
However, on an environmental point of view, there is no certainty that small lithium-ion batteries have
a positive impact. Batteries grey energy, contamination linked to lithium extraction and lack of
recycling branch induce indeed an important environmental cost for lithium-ion, which may not be
compensated by the additional 5% on the self-consumption ratio.
Moreover, even with a good system performance, and with the sale of the surplus of electricity
(generating around 170 € per year) that was not expected during the design phase, the profitability of
the system remains low. Time of return on investment is indeed expected to be between 16 and 20
years, depending on electricity price inflation.
This lack of profitability results in a big difference on the storage market between France and Germany.
There is still a few PV systems with battery in France, while there was more than 120 000 of them at
the end of 2018. The high electricity prices (around 30c€/kWh for a private individual), and the low
feed-in tariff for small PV system, there is indeed an economic incentive to maximize self-consumption
in Germany, that does not exist in France.
Given that the PV system is on the roof of a tertiary building, and the battery in its service room, with
the grid connection, there was no conflict of usage of space or noise nuisance generated by the system.
In the meantime, information on the system production and building consumption are provided in real
time in the building entrance hall, facilitating user’s involvement and raising visitor awareness.

6.3.

ACTIONS/POTENTIAL FOR UPSCALING WITHIN THE SAME REGION AND FOR
REPLICATION TO OTHER CITIES
The final question is: is this kind of project profitable for the owner and the community, and is it
replicable?
However, given this pilot system characteristic, economic profitability is very low and battery usage
small (leading to a small gain for the owner and the community): the system would have been less
expensive, and more profitable, without the battery. This project may however be replicable in the
future, and interesting for the community, when constraints will be generated on the low-voltage grid
because of high penetration rate of photovoltaic systems. The following aspects (in order of
importance) could then facilitate the replication: decrease in the system price, decrease in the
insurance fees, self-consumption rate gain due to the battery (the less correlated the PV production
and the consumption, the bigger the interest for a battery), electricity price inflation (the higher the
electricity price the bigger the gain for self-consumed kWh).

With this pilot system characteristic, economic profitability is low and battery usage small (leading to
a small gain for the owner and the community): the system would have been less expensive, and more
profitable, without the battery. This project may however be replicable in the future, and interesting
for the community, when constraints will be generated on the low-voltage grid because of high
penetration rate of photovoltaic systems. The following aspects (in order of importance) could then
facilitate the replication:
• decrease in the insurance fees,
• self-consumption rate gain due to the battery (the less correlated the PV production and the
consumption, the bigger the interest for a battery),
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•

electricity price inflation (the higher the electricity price the bigger the gain for self-consumed
kWh).

Following the publication of the French law related to self-consumption in 2017 and the recent
publication of the new European Directive on the promotion of the use of energy from renewable
sources in December 2018, replication phase may begin, with an increase in the number of small PV
and storage systems connected to the LV-grid.
Given the strength of French LV-grid, small photovoltaic systems can still widely be developed, and the
need for electricity storage systems may appear in some years, when the renewable energy share in
the French electrical mix will be higher.
Finally, analysis on the environmental impact of lithium-ion battery when coupled to small PV system
should be performed to get a clearer view on the interest of those projects for the energy transition.
The analysis should cover both the environmental cost of the fabrication as well as the benefits linked
to facilitation of renewable energy integration into the grid, grid reinforcement savings…
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GLOSSARY / LIST

AC
BMS
CAPEX
DC
DOW
DSO
EU PVSEC
FFA
IRR
kWp
LV
OFATE
OPEX
PV
SoC
Self-consumption
Self-production
RTE
TSO
WP

OF

ACRONYMS

Alternative courant
Battery Management System
Capital expenditure
Direct courant
Description of Work
Distributed System Operator
European PV Solar Energy Conference and Exhibition
Fédération Française de l’Assurance (French Federation of Insurance)
Internal Rate of Return
Kilowatt peak
Low-voltage
Office Franco-Allemand pour la Transition Energétique
(French-German Office for Energy Transition)
Operational expenditure
Photovoltaic
State of Charge
Part of the PV production which is directly used by the building
Part of the building electrical consumption which is provided by the PV and
storage system
Réseau de Transport d’électricité
Transmission System Operator
Work Package
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