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ABSTRACT 

The amount of Distributed Generators connected to 
distribution networks will continue to grow during the next 
years. In this context, alternative solutions are 
investigated to reduce integration costs. 
In addition to self-adaptive reactive power management 
and active power curtailment for feeder constraints, 
Enedis, the largest French DSO is studying active power 
management to alleviate HV/MV substations constraints. 
Cost-benefit analysis show a potential reduction of 
connection costs up to 40% with the ratio of wind to solar 
power connected to each substation being one of the key 
factor. 

INTRODUCTION 

In France, most Distributed Generators (DG) are 
connected to distribution networks (MV and LV 
networks). To meet French and European objectives, the 
number of DG connected to MV and LV will continue to 
increase in the next years. In order to facilitate the 
connection to the distribution network, Enedis, the main 
French DSO, studies alternatives to network reinforcement 
to reduce connection costs of DG. 
The interest of two smart grid alternatives (self-adaptive 
reactive power regulation with extended reactive power 
capabilities and active power curtailment for MV feeder 
constraints) to MV network reinforcement has already 
been analysed [1]. As active power curtailment has been 
shown to be a cost effective solution to avoid MV network 
reinforcement on a feeder, Enedis pursued its analysis in 
order to quantify the relevance of DG curtailment to avoid 
HV/MV substation reinforcement due to MV and LV DG 
connection.  
This paper first introduces the principle of active power 
curtailment for solving HV/MV constraints. After 
describing the DG scenario taken into consideration for the 
study, the method chosen to identify network constraints 
and curtailed energy as well as the “Business as Usual” 
network reinforcement solution will be explained. Finally, 
the potential cost reduction of DG integration into MV 
networks for two French regions with different ratios of 
wind to solar will be depicted. 
Note that the study does not consider TSO network 
constraints. 

ACTIVE POWER CURTAILMENT FOR 
HV/MV SUSBTATIONS CONSTRAINTS 

Active power curtailment of DG connected to MV 
networks is an alternative solution to grid reinforcement 

which is studied for assessing its feasibility and its 
economic interest. This solution would only be interesting 
given a few hours of yearly constraints. In this case, it 
would be economically more relevant to reduce power 
injected by DG during these few hours than to reinforce 
the network. Connection scheme with potential technical 
constraints would become possible since these constraints 
would be solved by activating active power curtailment 
when necessary. 
 

 
Figure 1 : Active power curtailment principle 

When active power curtailment appears to reduce DG 
integration costs at the development phase, operational 
planning and real time tools would have to identify 
technical constraints and determine the maximum power 
DG that can be produced by DG at each time step. As 
presented in Figure 1, and depending on consumption and 
production forecasts or measurements, it is possible to 
identify the constraint on HV/MV transformer and limit 
the production of MV DG in order to avoid the constraint. 

METHODOLOGY 

To assess the relevance of active power curtailment to 
avoid or reduce HV/MV substation reinforcement, the 
methodology presented in Figure 2 has been used. First, 
the scenario of renewable energies development 
considered for the next few years will be presented as well 
as hypothesis considered to define where these new power 
plants are likely to be installed. Then, the network 



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n° 1137 
 

 

CIRED 2019  2/4 

reinforcement strategy considered for the Business as 
Usual solution will be explained. Finally the method used 
to evaluate curtailed energy and complementary network 
reinforcement will be presented.  
 

 
Figure 2 : study approach 
 
The global scenario considered is defined in a 2017 report 
on trends of supply-demand balance published on a two-
year basis by the French TSO [5]. The report takes into 
account actual development of renewable energies as well 
as objectives defined by the French government and EU. 
In this study, the most ambitious scenario entitled 
“Ampère”, with 48 GW of solar power and 52 GW on-
shore wind power, is taken into account. 
In order to identify constraints on primary substations, it is 
necessary to know where these new power plants will be 
installed as technical constraints would depend on DG 
connected to each HV/MV substation.  
To do so, recent DG connections and ongoing projects 
have been considered to define the part of this power to be 
connected to MV and LV network, the regional share of 
solar and wind power and the size of each new power 
plant. 
The power repartition is summarized below.  
 

 
PV Wind 

% of installed 
power 

Power plant 
size 

% of installed 
power 

Power 
plant size 

LV 
connection 

14 % 6 kW - - 
17 % 90 kW - - 
7 % 200 kW - - 

MV  
connection 

27 % 2 MW 5 % 3 MW 
12 % 6 MW 9 % 6 MW 
13 % 9 MW 32 % 9 MW 
10 % 11 MW 54 % 12 MW 

Table 1 : Power plant size and power associated in the 
scenario considered for the study (based on recent DG 
connections) 

To define where these new power plants are likely to be 
connected, different hypothesis have been taken into 
account depending on power plant sizes. For LV 
connected power plants (installed power ≤ 250 kW), 
random allocation per MV/LV substation has been done 
since their precise location is highly uncertain. However, 
the location takes into account the existing share between 

different zones of each region (rural, towns, cities…) and 
the size of the MV/LV substation. For MV power plants 
which power is under 7,5MW, it has been considered that 
they will be connected to existing MV feeders using a 
random allocation (the existing share make them more 
likely to be connected in rural areas than in urban areas). 
For MV power plants which power is over 7,5MW, it has 
been considered that a new MV feeder would be necessary. 
As it is important to define the position of the new power 
plants (to identify the nearest HV/MV substation), it has 
been decided to use random locations obtained after 
removing zones such as cities, rivers… .  
Once the local DG locations are obtained, it is possible to 
identify all HV/MV substations with new DG connected 
and identify the ones facing technical constraints. 
For each HV/MV substation facing technical constraints in 
the connection study, and to assess the potential cost 
reduction of active power curtailment, the network 
reinforcement cost in the “Business as Usual” solution and 
the curtailed energy necessary to avoid constraints when 
using active power curtailment will be evaluated. 
 
The figure below presents the strategy considered for 
network reinforcement without active power curtailment.  

 
Figure 3 : Network reinforcement strategy 
considered for Business as Usual  
 
To determine the costs, it has been considered that each 
primary substation facing technical constraints will be 
reinforce to solve the constraint. If the technical constraint 
cannot be solved with the maximum capacity of the 
primary substation, a part of the new DG connected to this 
substation will be connected to a neighbour HV/MV 
substation. If new constraints are identified on these 
substations, they will be reinforced using the same rules. 
Once the existing HV/MV substations reinforcements 
achieved, all new DG that cannot be connected due to 
maximum capacity or distance to the nearest primary 
substation will be connected to new HV/MV substations. 
This study does not consider TSO network constraints.  
 
When using active power curtailment, it is necessary to 
evaluate the amount of curtailed energy to compare the 



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n° 1137 
 

 

CIRED 2019  3/4 

cost of this solution to the Business as Usual one. To do 
so, all possible consumption/ production situations should 
be studied to determine when constraints appear and the 
maximum power that can be injected by DG. In order to 
reduce computation time, only some representative 
{consumption, production} are simulated [4]. Once the 
constraint situations are identified, it is necessary to 
determine the probability of each point to obtain the 
expected curtailed energy. To do so, a stochastic approach 
has been undertaken with the use of consumption and 
production profiles. 
 

 
Figure 4 : Curtailed energy calculation 
 
As the power of new DG can be high compared to existing 
capacity of the primary substation, it has been decided to 
combine active power curtailment to network 
reinforcement depending on the DG power over the 
existing capacity. To do so, the overbooking rate of the 
primary substation has been defined as the ratio between 
the DG power over the capacity of the current connection 
study rules.  

 
Figure 5 : Overbooking rate definition 
 
To decide if active power curtailment is enough or network 
reinforcement is necessary, the power to be connected to 
HV/MV substation is compared to the existing capacity 
increased by the overbooking rate. When network 
reinforcement is necessary, the same rules as the ones used 
for the Business as Usual solution will be applied. 

COST BENEFIT ANALYSIS RESULTS 

To quantify the relevance of active power curtailment, two 
French regions with different ratios of solar to wind power 
have been analysed.  
This section will first introduce the local DG scenarios of 
these two zones and then depicts the results going from a 
large scale to a particular HV/MV substations to highlight 
potential discrepancies in the substations distribution. 
The local DG scenarios considered for calculations are 
presented in the figures below for the two zones. Wind 
power represents more than 95% of new DG power 
connections for the first zone and 20% for the second one, 
the other new DG power being solar power. 
 

 
Figure 6 : Zone 1 MV DG scenario  

 

 
Figure 7 : Zone 2 MV DG scenario  
 
To analyse the relevance of active power curtailment as an 
alternative to primary substation reinforcement, different 
overbooking rates have been studied for each zone. The 
total cost for each overbooking rate is compared to the 
Business as Usual cost which is considered to be the 
reference. These calculations have been done on the entire 
value chain for society at large and no analysis of business 
models of different players has been done. 
 
The results for the first zone are presented on the next 
figure. Network reinforcement includes reinforcement of 
existing HV/MV substations and new HV/MV substations.  
 

 
Figure 8 : Total costs depending on the accepted 
overbooking rate for zone 1 
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It is possible to see that the optimum overbooking rate for 
this zone is 10 % as total costs increase when the rate is 
over this value. When looking at particular HV/MV 
substations (figure below), it is possible to find situations 
where the best rate is over 10% as for local conditions the 
BaU and 10% overbooking solutions are more expensive 
than the ones obtained with higher rates. The two HV/MV 
substations shown in the figure are situations in where it is 
possible to avoid network reinforcement on the existing 
HV/MV substations. The evolution of curtailed energy 
when the overbooked HV/MV substation has installed the 
maximum capacity can be different.  
 

 
Figure 9 : Total costs depending on the accepted 
overbooking rate for 2 HV/MV substations of zone 
1 
 
The same results are presented on next figures for zone 2. 
For this zone, it is possible to see that the overbooking rate 
that reduces total costs is near 40%.  

 
Figure 10 : Total costs depending on the accepted 
overbooking rate for zone 2 
 
However, and as shown in next figure, for some HV/MV 
substation the optimum overbooking rate is lower as the 
total costs (including curtailed energy and network 
reinforcement) with 40 % overbooking rate is more 
expensive. 
 

 
Figure 11 : Zone 2 MV DG scenario  

CONCLUSIONS 

The economic relevance of active power curtailment to 
solve HV/MV substations constraints has been shown in 
this paper. 
Depending on the wind to solar ratio of the area, the 
potential reduction of connection costs lies between 10% 
and 40% for a curtailed energy of less than 0,1%. 
However, the actual ratio of each substation can differ 
from its region, thus, the implementation of this new 
solution shall include adaptability in order to tailor the 
overbooking factor. 
Ongoing field experiments are currently confirming 
Enedis’ technical capability of real-time constraints 
detection and solving. While the technical challenges are 
being tackled, new smart connection agreements, 
regulatory framework and DSO/TSO coordination will be 
required to allow this new solution to be introduced in the 
development of future connection schemes. 
 
REFERENCES 
 
[1] L. De Alvaro Garcia, F. Beauné, M. Pitard and L. 

Karsenti, 2017, "Cost benefit analysis of MV reactive 
power management and active power curtailment", 
Proceedings CIRED 2017, paper 733. 

[2] A. Minaud, C. Gaudin and L. Karsenti, 2013, 
“Analysis of the options to reduce the integration 
costs of renewable generation in the distribution 
networks. Part 1: impact of PV development in 
France and global analysis of considered alternatives 
to reinforcement”, Proceedings CIRED 2013, paper 
733. 

[3] M.A. Lafittau, G. Pelton, F. Gorgette, O. Carré, 2015, 
« New options for connecting generation on 
distribution networks and required network control 
preparation », Proceedings CIRED 2015, paper 746. 

[4] A. Pagnetti, G. Delille, G. Malarange, A. Minaud, 
2014, “Probabilistic methods moving towards the 
field: a tool for DG connection studies featuring the 
Alternatives to grid Reinforcement”, Proceedings 
CIRED Workshop 2014, paper 188. 

[5] RTE, « Generation Adequacy Report on the 
electricity supply-demand balance in France », 2017 
edition 


