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ABSTRACT: Just as solar cadastres have become the norm to assess the roof-top PV potential in the last years,
assessing the hosting capacity of the low-voltage network for electrical production is on the path to becoming a
necessity for an efficient solar production action plan. The model developed here is a hybrid tool composed of a
physical model computing results based on a real infrastructure and a statistical model using empirical rules based on
frequently encountered cases. The tool, built entirely on PostgreSQL/PostGIS, can be easily launched by non-experts
on any set of data and on any computer, and has a low computation time. Results show that the major limit in
connecting high shares of PV in existing grids is above all the low summer power consumption at noon. Key
messages can be drawn from results: 1) hosting capacity of the existing infrastructure on the two territories studied is
important but must be utilized with care by avoiding buildings located far from a substation, 2) on the long run, a
deep reflexion on grid settings and planning is compulsory in order to achieve ambitious shares of renewable
electricity at low marginal cost.
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Today solar production of energy is developing
rapidly in France: 875MW were added in 2017,
comprising 298MW on the low-voltage (LV) grid [1]. As
local planning documents on climate, air and energy have
become mandatory for all local authorities with over
20,000 inhabitants, many of them have come to realize
through studies evaluating the renewable energy sources
(RES) potential that most of the solar potential resides on
low-voltage grid, in the form of small to large roof-tops.
As an example, on the Valence-Romans conurbation,
ground-based photovoltaic parks’ potential total 62MW,
8MW of which are already in service, compared to
1362MW on roof-top, amongst which 1007MW are on
the low-voltage grid, the rest being on the mediumvoltage (MV) grid and marginally on the high-voltage
(HV) grid.
Knowing that connection costs in €/kVA are the
highest on the low-voltage grid and that infrastructure’s
hosting capacity for renewable electricity production is
largely unknown by producers prior to connection
request, improving knowledge on the low-voltage grid’s
hosting capacity appears to be a key issue in the energy
transition, with the risk otherwise to cancel the efforts of
local authorities to massively develop photovoltaic
production. The present study mirrors similar approaches
in European countries that attempt to assess nation-wide
distribution network hosting capacity [2]. The exercise
could not be generalised nationwide in France since the
distribution network topology is not yet fully available in
open data [3], and must be asked for territory by territory
for a specific purpose.
The purpose of the work is to develop a geographical
information system (GIS) tool computing low-voltage
network hosting capacity for roof-top photovoltaic
systems on large areas (conurbations of over 20,000
inhabitants, departments etc.) based on data readily
available and free of charge, that is user-friendly, opensource, and fully transferred to local authorities’ technical
services. The tool aims above all to highlight levers that
would facilitate renewable electricity grid integration,
whether they are technical or pertain to the governance
structure of network planning and connection.

DATA SET

The tool uses the cadastral database (cadastral parcel
and building footprints), data delivered by the French
National Mapping Agency (IGN) free of charge for any
municipality requesting it. The tool also uses a basic set
of electrical data, data already communicated by the DSO
to its licensing authority every year or data that can be
requested free of charge by any municipality. This data
set consists in:
distribution network topology: geographical
positions of LV and MV lines, HV/MV and
MV/LV substations
type of lines (overhead or underground), type
and function of substations
additional data may be available in some cases:
substations nominal power and loading rate,
nature and section of cables.
Two areas of investigation have been chosen in the
Rhône-Alpes Region:
Grenoble-Alps Metropole within the European
Commission funded FP7-City-Zen project [4]
focusing on innovation in the transition process
Valence-Romans conurbation, a more rural area,
in the context of the preparation of Climate Air
Energy strategy (“Plan Climat Air Energie”),
which has since being politically approved [5].
The present work has in both cases responded to local
authorities’ need to better understand network limits with
regards to RES integration and to advise decisions on
RES development goals and network development.
2.1 Characteristics of the low-voltage network
The two areas of study differ substantially in the
terms of network topology (see Table 1). ValenceRomans conurbation is representative of the national
average in terms of length of LV lines per substation,
whereas Grenoble-Alps Metropolitan area is on average a
little less dense, which is probably due to the fact that the
city center of Grenoble is out of the scope of the study
whereas the cities of Valence and Romans are part of the
study. Nonetheless, Grenoble’s LV network comprises of
a higher percentage of underground LV lines and its
average linear meter of LV line per building is half that
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of Valence-Romans conurbation (20 meter per building
versus 40 meters per building). This higher building
density in Grenoble must be kept in mind when
comparing the two areas.

Solar cadastres provide two core indications per rooftop:
installable PV peak power
estimation of the annual production of the
system.
In the present study, as the low-voltage network
hosting capacity for PV plant is constrained by the worstcase scenario, namely maximum PV production and
minimum electrical consumption (base load in summer),
only PV peak power is required as in input to further
steps.
The methodology used is a classical in-house 2-D
solar cadastre, based on ratios obtained through Hespul’s
field experience:
1. Calculate roof surfaces from building ground
coverage and estimated roof tilt (the tilt is
generally provided by the local Urban Planning
Agency which has knowledge of constructions’
characteristic in the region),
2. Estimate the usable surface for PV installation,
depending on roof size and azimuth (e.g. for
gable roof, only the South-facing slope is
equipped with PV panels)
3. Calculate PV peak power that can be installed.
Figure 1 shows an example of output from the solar
cadastre.

Table 1: Network characteristics of Valence-Romans
conurbation (VRA) and Grenoble-Alps Metropole
compared to national averages.

3

Nationwide

VRA

Grenoble

% of overhead LV
lines over total LV
length (overhead +
underground)

N/A

57%

35%

Average LV lenght
per public MV/LV
substation
(km/substation)

0,9

0,9

1,1

Average LV lenght
per building
(km/building)

N/A

0,04

0,02

MODEL

The model developed here is a hybrid tool composed
of a physical model computing results based on a real
infrastructure and a statistical model using empirical rules
based on frequently encountered cases. Empirical rules
allow gaining computation time over a classical loadflow model computing voltage constraints. The precision
thereby lost in the process isn’t crucial at this stage since
the tool serves primarily to raise awareness and gain a
preliminary understanding of grid integration challenges
on a large scale. It aims at pointing out how current
decision-making processes and tools used for grid
investment
planning,
traditionally
focused
on
consumption growth, must evolve to ensure cost-effective
integration of high shares of small-scale photovoltaic
systems.
Main steps of the algorithm to perform grid
constraints calculation are the following:
1. Evaluate PV potential of each building,
2. Find their grid connection point,
3. Compute the base load power of buildings and
substations,
4. Calculate the network distance between
buildings connection point and the nearest
substation,
5. Estimate hosting capacity of substations.

Figure 1: Building ranking based on their PV potential
3.2 Network connection
The tool has access to two different datasets, from
two different sources:
cadastral database by the National Geographical
Institute (IGN)
distribution network topology by the distribution
system operator (DSO) via the local authority.
In practice, each building of the cadastral dataset is
physically connected to the distribution network. As no
information is given on the location of this or these
connection points, they must be computed using available
data.
There are indeed two connection points to compute:
one for consumption and one for production, which
location (at which voltage level and to which electrical
equipment – line or substation) will depend on the
maximum power consumed or supplied.
On the production side, the connection level is
defined by the PV peak power installed. System with a
peak power less than 250 kVA will be connected to lowvoltage network, whereas medium voltage network can

3.1 PV potential – solar cadastre
Many studies that compute automatically the roof-top
solar photovoltaic potential over large areas date back to
the years 2010 and were funded through European
projects [6]. Today, these solar cadastres have somewhat
become the norm in energy planning studies. They may
be carried out by consultants or directly by local
authorities themselves for several reasons, the main
reasons being:
identify the PV potential on their territories
(mandatory input for their energy planning
documents),
raise awareness of elected officials on the
feasibility of the energy transition and the
opportunity it represents for the territory,
engage inhabitants in development of private
projects by providing them adequate information
on the solar potential of their rooftop.
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receive PV with a maximum power of 17MW (see Table
2).
On consumption side, the connection level depends
on the power subscribed. As this latter information is not
known (considered confidential in current national rules),
it is evaluated based on floor surface computation and a
ratio of power consumption per square meter (40VA/m2)
used indistinctively for residential and tertiary buildings
since the nature of the building’s activity is not known in
datasets used.

nearest substation. It can be noted that for some
buildings, no connection point has been found using the
algorithm (the percentage of concerned buildings varies
from 2% to 10% of the total): in some cases, the building
is truly off-grid, and in other cases, the reason that no
connection point has been found lies in data quality
issues, which are further developped in the next
paragraph.

Table 2: Voltage connection levels of the distribution
grid as a function of installed power (generally taken to
be the minimum between inverter installed capacity and
PV panels’ total peak power) [7].
Value (V)

Low-voltage
Medium voltage

400
20 000

Maximum installed power

250kVA
12-17MW

The following assumption is made for buildings
connected to the low-voltage grid: the network
connection point of a building is the nearest point of the
low-voltage network. On the distribution network, the
photovoltaic connection point will most of the time be
located right next to the consumption pre-existing
network connection point as long as voltage connection
levels of both consumption and production are the same
(see Table 2) (see 4.5).
Buildings connected to the medium voltage network
on the consumption side have a dedicated private MV/LV
substation, which is often located on the same cadastral
parcel. All buildings on this cadastral parcel will be
connected to this dedicated substation on the
consumption side, and an option is available to allow this
connection point on the production side, corresponding to
actual network connection technical rules [8].

Figure 2: Building sorting based on their connection
distance (meters) to the nearest substation showing
connection costs inequalities. The distance is computed
using an in-house algorithm of shortest path following
LV lines.
3.4 Data quality issues
The algorithm can be used with default values when
substation power values are missing from the database:
default values are attributed using other substation
parameters such as the substation’s type (e.g. number and
size of transformers vary whether they are in a substation
up on a pole or in a substation on the ground) or the
number of clients served.
The main data quality issue is actually network
discontinuity, as displayed in Figure 3, where three
discontinuities appear on one of the distribution line. As a
result of this data quality issue, all buildings whose
connection point are downstream the discontinuity on the
electrical line (considering the substation as the starting
point), will not be connected to the substation in the
constructed graph.
Those discontinuities do not exist of course in the
physical network, and are only due to missing
information or inaccuracies, but lead to a number of nonconnected buildings that is non-negligible.
Data cleaning process can be performed in order to
improve the results, but caution is needed in order not to
add network parts that in reality do not exist.

3.3 Distance to the electrically nearest substation
Once the connection point has been identified, the
next step is to find the corresponding substation. The
problem can be expressed as: for each connection point,
which is the nearest substation by going upstream the
low-voltage sections of the network?
The question looks actually like a simple graph
shortest path problem; and it is! Nonetheless, in the
datasets considered here are tens to hundreds of
thousands of connection points, as well as thousands of
substations. As a result, launching a shortest path
algorithm for each connection point independently
appeared to be time-consuming (more than 20 hours for
70 000 supply points). No shortest path algorithm
provided with the classical GIS network library (e.g.
pgRouting) could thus be used.
However, multiple connection points (up to
hundreds) often lie between the end of an LV line and its
substation. When processing the nearest substation of one
connection point, it is then also possible to update all
connection points crossed over along the path. This fact
is at the root of an in-house algorithm, based on a
breadth-first search (BFS) principle, whose computation
time is more than 20 times less than the GIS solution
available off the shelf in the network library.
The result of this algorithm is the association of both
a substation and the distance between the connection
point and the substation. Figure 2 represents the results of
the algorithm on a small urban area : the color of each
building is a function of its distance to the electrically
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higher level – Un+2.5%, where Un = 400V) on the
voltage rise (see arrows on the right hand side) at the end
of an LV line where a photovoltaic plant is connected. In
the case of a setting higher than nominal level, the power
quality standards are not met, with voltage levels higher
than Un+10%.
These considerations have led to simplify voltage
constraints using the following two criteria:
Distance: as an empirical fact (e.g. obtained
through field experience), PV systems located
on buildings that are more than 250 meters away
from a substation systematically face prohibitive
connection costs.
Minimum consumption: cumulated PV power
higher than minimal consumption power
consumed on the same substation will lead to
major voltage constraints.
The distance has been previously computed.
Minimum consumption constraint requires the calculation
of the minimum electrical consumption at the substation
level. This value is obtained from the sum of the
maximum building consumption level adjusted with a
diversity factor which accounts for the fact that not all
clients are reaching the maximum power at the same
time. Minimum electrical consumption at the substation
level is obtained by multiplying the maximum electrical
consumption by 20%.
The two criteria are ultimately combined to provide a
synthetic view of substation hosting capacity
corresponding to the result of the most stringent criteria.

Figure 3: Network discontinuities appearing in the GIS
network data. The quality of the dataset necessarily
affects the precision of the results.
3.5 Hosting capacity
The hosting capacity of a substation is defined as the
total PV power that can be connected to it without
generating a major constraint which would require
important network upgrade (e.g. LV line reinforcement
over several tens of meters, transformer size increase,
MV/LV substation creation, etc.).
Constraints generated by PV power connection are
mainly voltage constraints rather than constraints of
current. Voltage rise appears when PV production is
higher than local consumption. This imbalance can be
supported by the LV network as long as voltage rise
remains in the European standard EN50-160 power
quality levels of nominal voltage (Un) +10%. French
connection requirements specified in technical reference
documents [9] also specify that the voltage set on the LV
side of the transformer is slightly higher than nominal
level: MV/LV transformation ratio without charge is 48.7
(voltage output of the transformer at 410V) rather than 50
(20kV/400V), since historically network planning’s
major constraint has been to accommodate for high
winter electrical consumption.
However, as monitoring campaigns have shown [10],
this transformer setting can strongly limit the share of PV
that can be connected in existing grids, since the worst
case scenario corresponds to a summer day around noon
when the consumption is at its lowest (therefore voltage
values close to a no-load condition), all PV systems are
producing at their peak power (see Figure 4). In the
absence of data on minimal power consumption, these
values are taken to be 20% of subscribed power in
network connection studies performed by DSOs [9].

3.6 GIS technology
During the methodology definition phase, the
different steps of the procedure were performed manually
on test areas. As it was very time consuming, and needed
special GIS skills, it was decided to automate the whole
process, so that non-GIS-expert users could handle it.
The current tool is thus built entirely on
PostgreSQL/PostGIS, and can be easily launched on any
set of data, on any computer, and by non-experts, as long
as the input format is as defined. Efforts made by IGN
and Hespul finally allowed to optimize the algorithms
developed jointly and thus divide computation time by
more than 20.
To be used on a computer, the current tool needs a
special environment, with specific libraries installed, and
a database management system such as PostgreSQL. This
is an important limitation for the tool deployment on nonexpert’s computers.
Furthermore, the portability of a SQL database from
one computer to another one is not straightforward,
which makes the teamwork on a project quite
complicated. A solution may be to use a database
installed on a server, but this solution also has its
downsides for non-specialists.
Ongoing research is performed to assess the
possibility to transfer the tool from Postgis to Spatialite:
this would indeed make the tool easy to deploy and use
and improve its database portability. The main advantage
of Spatialite is indeed to use ordinary files as database,
making the portability as easy as sending a file.
The whole code has been transferred in Spatialite and
it appears to be both as stable and as efficient as PostGIS
to deal with extended territories. However, further work
is required to verify that the improved performance
applies to different computer capacities and territories

Figure 4: Simplified voltage plan showing the impact of
transformer voltage setting (nominal level – Un+0%, or
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sizes, and that it is possible to integrate the whole process
in a QGIS plugin.
3.7 Limits and areas of improvement
The main limits of the present method lie in the
following three points:
connection point location
base load consumption computation
simplification rules to compute network
constraints.
Concerning connection points’ location, the method
described does not ensure to get a perfect image of field
reality since network development is incremental and
cannot systematically be synthesized in pure logical
rules such as the ones that are applied here on a wide
scale. For example, a building cannot be connected to
the network on an electrical line that did not exist when
the connection was made. Notwithstanding the errors
thereby generated, precision is considered sufficient here
considering the purpose of the tool, not to mention the
high number of points considered and the radial structure
of the grid that make it unlikely to attribute a false
connection point to a building.
Base load consumption computation is probably a
higher source of error, most probably leading to an
overestimation of PV potential that can be connected at
low marginal cost. Traditional network constraints study
focus on peak consumption power, generally occurring
in the winter (especially in the context of a high share of
electric heating in France), whereas little attention has
been paid to summer middle day consumption, which is
crucial to studies of network constraints with high share
of PV.
As said previously, the strength of the present method
is also its flaw. Indeed, using empirical rules allow
processing large areas in minimal time and gaining a
first reading of network’s limits. However, this first
reading must then be completed with an actual voltage
plan using the lines’ cross-section.

4

Figure 5: Grenoble-Alps Metropole map showing the
low-voltage PV potential in MW by municipality.
Potential on the city center has not been analysed,
explaining the absence of data in the middle of the map.
On Valence-Romans conurbation, PV potential on
roof-tops totals 1362MW on 64 370 buildings, amongst
which 1007MW are on the low-voltage grid, the rest
being on the medium-voltage (MV) grid. The greatest
part of the roof-top PV potential is located in Romans,
Valence and peripheral municipalities (see Figure 6).

RESULTS AND COMPARISON

This section presents first the characteristics of the
PV potential computed through the solar cadastre
method, and then delves into grid impact with various
angles in order to gain the most complete picture of the
results’ implications for PV and network development
policies.
4.1 PV potential characteristics
On Grenoble-Alps Metropolan area, PV potential on
roof-top is evaluated at 916 MWp on 69 194 buildings,
all voltage connection levels combined. The low-voltage
potential (power less than 250kVA) in itself is 684MWp,
the rest being on the medium-voltage. 406 PV plants that
would be connected to the MV level have been identified.
95 % of potential installations have a power lower than
36 kVA, which represents 50% of the whole PV
potential. Figure 5 shows the spatial distribution of the
potential on the metropolitan area.

Figure 6: Valence-Romans conurbation map showing the
low-voltage PV potential in MW by municipality.
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4.2 Network limitations
Common general conclusions can be drawn from the
two studies. First of all, it appears that the major limit in
connecting high shares of PV is the low summer power
consumption on substations at noon rather than the long
distance between buildings and the nearest substation
(see Table 4). As an illustration, 62% of ValenceRomans’s public MV/LV substations (3048 in total) have
a PV potential in the vicinity to the substation (electrical
distance less than 250 meters) that is higher than what
they can absorb considering their minimal power
consumption. In the case of Grenoble-Alps Metropole,
which is a more urban area, this percentage reaches
95.5% of the 1790 public MV/LV substations (see Figure
7) i.e. less than 5% of substations have a hosting capacity
limited by the percentage of PV potential close to the
substation. In fact, in the Grenoble-Alps area, 74% of the
PV potential power is located less than 250 meters away
from the nearest substation.
Learnings can also be drawn from each of the studies
due to their geographical and demographical differences
and differences in input data. Last but not least, areas of
focus, and thus learnings, vary between the two territories
based on the local authorities’ needs: Grenoble-Alps
Metropole has jurisdiction over electricity distribution on
8 out of 47 of its municipalities (the departmental union
covers the remaining 39) and thereby the ability to
provide guidelines on network development on its area,
whereas Valence-Romans conurbation has not yet
reached the size to have this legal competence but has
competence in energy and the legal obligation to develop
a Climate Air Energy strategy.

4.3 Comparison between urban and rural PV connection
potential
Areas on which the tool has been tested always
comprise one or two dense urban areas, surrounded by
suburban neighbourhoods and then rural areas. Results
confirm the well-known correlation between network
density and hosting capacity. Figures 8 and 9 display the
percentage of PV potential that can be connected to each
MV/LV substations, from over 25% in green to less than
10% in red. It can be easily observed that the majority of
green dots are substations in or close to city centers,
while red dots are rather on the outskirts of the chosen
territories, in municipalities of only few hundred
inhabitants.

Figure 8: PV hosting capacity of substations in Grenoble
area in percentage of total PV potential per substation.
The whole in the center corresponds to Grenoble city
center, which is not part of the study (different DSO).

Figure 7: Substation sorting based on the most limiting
parameter to the connection of PV potential without
prohibitive investment, for each substation on GrenobleAlps metropolitain area.
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Figure 10: Distribution of substations according to their
hosting capacity as a percentage of the LV PV potential
attributed to the substation in Valence-Romans and in
Grenoble-Alps Metropole.
In summary, three municipalities in Valence-Romans
conurbation have been taken as examples of the diversity
in table 3: one very rural with less than 500 inhabitants, a
suburb a Valence and the city of Valence. As expected,
PV potential on rooftops is higher in dense areas than in
rural municipalities, and the fraction that can be hosted
by the network also. This can be explained both by the
higher density of buildings and network, reducing the
distance constraint risk, and by the higher consumption
area per ground square meter in urban area (e.g. tall
buildings versus small houses), reducing the minimum
consumption constraint risk.
Nevertheless, the PV potential that can be hosted per
inhabitant remains higher in rural areas than in dense
municipalities, supporting the assumption that energy
transition requires an urban-rural solidarity. The most
limiting factors of PV deployment in urban areas will be
access to non-shaded roof-tops and architectural
constraints whereas it will be network hosting capacity in
rural areas.

Figure 9: PV hosting capacity of substations in ValenceRomans area in percentage of total PV potential per
substation. The two dense urban areas correspond to
Romans (North) and Valence (South).
This difference in substation hosting capacity is
confirmed by data. Figure 10 presents the hosting
capacity of substations of Valence-Romans and Grenoble
as a percentage of the LV PV potential attributed to the
substation. This figure shows a higher hosting capacity
for the territory of Grenoble-Alps Metropole compared to
Valence-Romans conurbation. This result is explained by
the higher density of Grenoble area which is favourable
for PV connection (less buildings are further than 250m
from a substation). Furthermore, data for Grenoble area
do not include Grenoble city itself for which the density
of buildings is higher, and thus the hosting capacity of
substations would certainly be much higher if the scope
of the study were to include the city center.

Table 3: PV hosting capacity in a very rural
municipality, a suburb and a dense urban area.
Total PV
potential
per
inhabitant
(kW)

Fraction
of total
PV
PV
potential
potential
hosted
that can
(kW)
be hosted
(%)

PV hosting
capacity
per
inhabitant
(kW)

PV hosting
capacity
per
substation
(kW)

Rural
area

12.6

900

15%

1.9

45

Suburb

4.4

7 700

18%

0.8

87

Dense
urban
area

2.9

48 300

28%

0.8

120

4.4 Infrastructure adaptation needs
Network hosting capacity with regards to total PV
potential speaks of the importance of network connection
in the light of an ambitious energy transition.
Another interesting prism though is the capability of
the existing physical infrastructure to absorb photovoltaic
production, which speaks more of optimization potential
through changes in network settings by using classical
methods, smart grids or a combinaison of both. GrenobleAlps Metropole’s total PV potential on the low-voltage
grid amounts to 915MWp concerning PV potential on
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both MV and LV levels. This can be compared to an
electricity consumption for heating of 383 569 MWh and
a maximum power consumption (all usages) of 340 MW.
Thus, the reader can have in mind the following order of
magnitude: the PV potential is 3 times the peak power
consumed.
Concerning more specifically the low-voltage
network, PV potential amounts to 681MWp, which
incidentally corresponds more or less to the sum of public
MV/LV substations’ nominal power of 527MVA. That is
to say, notwithstanding voltage constraints and cable
power bottlenecks, the low-voltage network could host
more or less the whole PV potential. Nonetheless, further
analysis shows great disparities between rural and
periurban municipalities (see Figure 11).
In the current study, which takes into account voltage
constraints, the PV potential that can be connected
without major network investment, is rather 146MWp
(see Table 4), thus 28% of the substation nominal power.
In the realm of distribution network planning, this
comparison shows that optimization of the existing
network is a promising avenue for cost-effective
integration of high shares of PV.

electric heating is responsible for much of the voltage
drop in winter, which prevents setting the off-load
transformer ratio to a lower level which would increase
grid hosting capacity. Other examples of levers to
increase hosting capacity can be modelled in the tool,
notably:
- undersizing inverters following the model of the
German regulation, which limits the power injection
from PV plants to 70% of installed power of PV
modules [11], obligation introduced in the guide
VDE-AR-N 4105 [12],
- connecting power plants to private LV grids in the
case of buildings that have their own MV/LV
substation rather than trying to connect to the public
LV grid, according to actual network connection
rules.
For the Grenoble-Alps Metropolitan area, Table 4
summarises the impact of those levers on the PV hosting
capacity of the LV grid. Overall, the existing LV network
can host a little less than a quarter of the PV potential
evaluated at that voltage connection level. However, this
quite urban area hosts an important number of tertiary
and semi-industrial buildings connected to the MV level
through private MV/LV substations. Computation of the
PV potential on those buildings shows that the percentage
of the PV potential is not negligible: 75 MW (11% of the
total PV potential), thus liberating hosting capacity on the
LV grid and raising the LV PV potential that can be
connected overall by that same quantity. Last but not
least, undersizing inverters also has an important effect: it
increases the PV potential that can be connected without
network development by as much as 26%, from 146MWp
to 184MWp.
Table 4: PV hosting capacity of LV grid in Grenoble and
Valence-Romans area in MW and as a percentage of total
PV potential on the territory. Impacts of levers such as
inverter undersizing or PV connection to private LV
grids, on the PV potential that can be connected at low
marginal cost are also displayed.

Power
(MWp)

Figure 11: Grenoble-Alps Metropole map showing the
sum of MV/LV public substations (MVA) compared to
the overall low-voltage PV potential on roof-tops
(MWp) by municipality. Colors sort municipality by the
total nominal power of MV/LV public substations.
4.5 Levers to increase hosting capacity
Beyond these somewhat predictable results, what is
more important is identifying potential levers based on
these maps. For example, on Grenoble-Alps Metropolitan
area, data on the percentage of electric heating is
available and can be crossed with maps of hosting
capacity to prioritized households refurbishment. Indeed,
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Fraction of
total PV
potential on
the area (%)

% of
increase in
the
hosting
capacity
compared
to the base
case (%)

Overall PV potential on the area

681

PV potential located at an electrical
distance lower than 250 meters from
a substation

506

74%

-

Base case: PV hosting capacity
without network development works

146

21%

-

1. PV hosting capacity without
network development works but
considering systematic inverter
undersizing (P inverter = 0,7Ppeak)

184

27%

+26%

PV potential that may be connected
to private LV grid in the case of
buildings that have their own
MV/LV substation

75

11%

-

2. PV hosting capacity without
network development works but
connecting LV plants to private
MV/LV substations where possible

221

32%

+51%
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2012, downloadable: http://www.polissolar.eu/IMG/pdf/polis_guidelines_en_final_web.pdf
[7] French legislation, “Arrêté du 23 avril 2008 relatif
aux prescriptions techniques de conception et de
fonctionnement pour le raccordement à un réseau public
de distribution d’électricité en basse tension ou en
moyenne tension d’une installation de production
d’énergie électrique”
[8] Enedis, “Enedis-NOI-RES_46E Schémas de
comptage V1”, 2017
[9] Enedis, “Enedis-PRO-RES_43E-V4”, 2017
[10] Sjef Cobben (Continuon), Bruno Gaiddon (Hespul),
Hermann Laukamp (Fraunhofer ISE), “Impact of
Photovoltaic generation on power quality in urban areas
with high PV population”, 2008.
[11] EEG 2012 - Erneuerbare-Energien-Gesetz
[12] VDE-AR-N 4105 Power generation systems
connected to the low-voltage distribution network

First and foremost, the tool reaches its goal in making
a preliminary diagnosis of the network’s capacity to host
PV and thus gaining knowledge on what is one of the
main limiting factor of massive PV deployment (other
main factors being load-bearing in the case of large
surfaces and architectural constraints in the vicinity of
historical monuments). Several uses of this diagnosis can
be imagined. For example, a quick look allows to discard
all roof-top that are at 250 meters or more from a
substation as potential projects. This can help gain time
in project development, for example in the case of
cityzen groups canvassing the territory for adequate rooftops on which to invest as third party.
Such a method applied nationwide would bring much
added value to the current renewable electricity policies.
Indeed, such results tend to show that 1) hosting capacity
of the existing infrastructure is important (since only a
few percent of the total PV potential is often substantial)
but must be utilized with care, 2) on the long run, a deep
reflexion in the development of further hosting capacity
is compulsory in order to achieve ambitious shares of
renewable electricity.
Current studies are been led with the national DSO
Enedis in order to evaluate the tool’s ability to generate a
good approximation of network hosting capacity. The
objective in this joint work is to develop a methodology
to compute more precisely low-voltage network hosting
capacity. This work pursues two objectives: 1) to orient
better local authorities’ renewable energy policies and
development efforts, 2) to identify the organizational
changes that must be put in place to transform current
decision-making processes and tools used for grid
investment planning.
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