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ABSTRACT 

Strategies outlined at national and European level, aimed 

at increasing the sustainability of the energy sector, are 

fostering alternative drive systems for public and private 

transport. In particular, e-mobility’s market share is 

expected to increase significantly in the years ahead. The 

paper summarizes the results of activities on assessing 

the effect of the future development of electric mobility 

and related charging infrastructure on the Edyna 

network (South Tyrol). 

INTRODUCTION 

Strategies outlined at national and European level, aimed 
at increasing the sustainability of the energy sector, are 
fostering alternative drive systems for public and private 
transport. In particular, e-mobility’s market share is 
expected to increase significantly in the years ahead. This 
development prospectively will lead to major challenges 
for Distribution System Operators (DSOs). 
The purpose of the activity described in the paper is to 
anticipate the effect of the future development of electric 
mobility and related charging infrastructure on the Edyna 
network (main DSO of South Tyrol and no. 5 in Italy 
Figure 1), also in terms of investments. 

 
Figure 1: Distribution grid areas served by Edyna in the 

Province of South Tyrol and position of the “deep dive” 

pilot areas 

The province is characterized by a remarkable 
environmental awareness, and it presents a significant 
tourism attraction both in winter and summer. For these 
reasons, it is expected that Electric Vehicles (EVs) 

presence will grow in the next decade. In order to 
determine the impact of EV on the distribution network 
first are defined the scenarios for the diffusion of EVs - 
technologies, localization, etc. Then, the additional load 
deriving from the development of electromobility is 
estimated for the entire network. Finally, two pilot areas 
with different geographical and electric characteristics are 
deeply investigated (Figure 1) in order to determine the 
impact of EV diffusion and estimate the potential benefit 
deriving from smart solutions for the grid operation. 

DEFINITION OF DEVELOPMENT 

SCENARIOS FOR EV AND CHARGING 

INFRASTRUCTURES 

Starting from the current situation, a forecast of EV 
penetration is estimated. The general penetration is 
declined for the various types of recharging stations 
which are then assigned to corresponding customer 
segments. Finally, the scenarios for the development of 
the charging infrastructure, serving as input for the 
analysis, are presented.  

According to Italians Ministry of Infrastructures and 
Transport [1], the total vehicle fleet in the Province of 
Bozen accounts for 680,664 circulating units by the end 
of 2017. This figure seems to be high (as considering 
around 525,000. inhabitants, this leads to about 1.3 
vehicles per person), but is justified by the high number 
of cars registrations by car rental companies, due to South 
Tyrol’s low taxation compared to the rest of Italy. 
In order to derive input data for the present study, focus 
has been put on the car fleet only, with 547,000 units in 
2017. Among these, 53% are private cars, leading to 0.56 
private cars/person; this figure is confirmed by [2], as the 
territory of Tyrol has very similar characteristics 
compared to South Tyrol. 
From 2010 onwards, registrations of hybrid and 
electrically powered vehicles have grown exponentially. 
In order to forecast the future trend of EVs penetration, 
other than past registrations, also current impact factors 
(economic conditions, political ambition levels, weak 
charging infrastructure, range anxiety, etc.) and other 
studies ([3], [4]), have been considered. The results are 
shown in Figure 2. In terms of percentage of the car fleet 
by 2030, approximately 17% of all cars in South Tyrol 
will be electrically powered. 
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Figure 2: Forecast of number of private EVs in the South 

Tyrol province 

For deriving absolute figures, the overall car fleet is 
supposed to be constant in terms of numbers, hence 
supposing a change only in the type of propulsion system.  

As previously mentioned, due to the highly developed 
tourism sector, the important presence of non-residential 
also contributes significantly to the number of circulating 
vehicles in the region, which motivates the attention paid 
to this economic sector in the following analysis. 
According to [5] around 91% of tourists from Italy and 
Austria arrive in South Tirol by car. Considering about 
22,700 sleeping accommodations available and applying 
the percentages of figure 2 and a conservative factor of 
one car every two people, the expected number of 
circulating EVs is displayed in Table 1. 

Table 1: Forecast of the number of EVs circulating in South 

Tirol 

Year 
South Tirol 

registrations 
Tourists Total fleet 

2020 1,912 1,393 3,304 

2025 16,436 6,751 23,187 

2030 90,399 17,512 107,911 

In order to translate the above data into a forecast of the 
type and number of charging stations that will be 
installed in the electrical grid, it is necessary to determine 
the type of charging stations, their development rate and 
the connection point in the grid. 

Table 2 summarizes the assumptions made concerning 
the charging power and the corresponding customer 
segment. Domestic customers will recharge using low-
power stations, considering the extended hours available 
for recharging during night time, and considering daily 
average distances driven of about 30 km [6]. On the other 
hand, hotels and restaurants has to account for a higher 
number of vehicles per recharging station, higher energy 
demands and therefore shorter charging cycles, which 
translates into higher charging power (22 kW assumed). 
This applies even more in case of fuel stations. 
Commercial and business customers will lie in between 
regarding the number of EVs to be charged and the 
available time for their recharge. 

Table 2: Type of charging stations per customer segment 

Type of 

charging 

station 

Charging 

Power 

[kW] 

Charging segments 

Home charger 3.7 Domestic 

Fast charger 7.4 
Industrial and commercial 
customers (incl. agriculture, 
tertiary services) 

Fast charger 22 Hotels and restaurants 
Quick charger 45 Fuel stations 

Once defined the type of charging stations it is necessary 
to define their penetration rate (cf. Figure 3). Calculations 
have been conducted for five different scenarios: the 
years 2020, 2025, 2030, and (without referring to specific 
years) the situations with respectively 50% and 100% of 
electrification of the private mobility sector. For domestic 
customers, the number of installed charging point was 
considered equal to the number of circulating EV. For 
industrial and commercial ones, it was considered the 
same development rate as for domestic customers, 
supposing one fast charger of 7.4 kW for every 20 kW of 
current contractual power. For hotels and restaurants, 
installation of one fast charger of 22 kW (given shorter 
charging cycles) for each 50 kW of actual contractual 
power. The development rate presented reflects current 
observations on the ongoing dynamics already 
experienced, and illustrates the fact that in this sector it is 
key to anticipate customer demands and in particular to 
offer recharging services. For fuel stations, one quick 
charger of 45 kW for each 20 kW of current contractual 
power was considered. 

 

Figure 3: Development of charging stations (penetration in 

terms on current grid connections, in %) 

In order to derive the effectively installed power to be 
considered in the electrical grid, types and number of 
charging stations previously determined have been 
assigned to existing PODs (Point Of Delivery). Two 
different approaches have been considered, distinguishing 
between residential and non-residential customers. For 
the former, the additional power to be assigned to each 
substation was derived multiplying the penetration level 
with the number of domestic customers connected to it. 
For the non-residential customers, the scenarios have 
been generated with a Monte Carlo procedure, assigning  
the number of recharging stations to the individual 
connection points across the entire grid in a random 
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manner. Then, the average values of the additional load 
and necessary network reinforcement, with their mean 
deviations, have been derived and a summary is 
presented in the following chapter. 

ASSESSMENT OF THE ADDITIONAL LOAD 

AND NETWORK REINFORCEMENT ON THE 

ENTIRE NETWORK 

Based upon the scenario described in the previous 
section, the estimation of investments for the whole MV 
and LV network is carried out, considering the needs for 
replacing transformers in secondary substations and 
substituting lines if exceeding the existing hosting 
capacity.  
Considering the development hypothesis of the previous 
section, the additional contractual power due to EV 
charging points was calculated for each scenario (2020, 
2025, 2030, “50% EV”, “100% EV”). Afterwards, for 
calculating eventual grid reinforcements, simultaneity 
factors were applied (Figure 4).  

 
 Figure 4: Additional power needed due to EV charging 

points in the Edyna grid (in MW); left: additional 

contractual power, right: considering simultaneity factors 

Note that the additional power to be considered in the 
grid amounts in average to ca. 0.3 kW/POD in 2030 and 
almost 1 kW/POD in the 100% scenario, taking into 
account the 235,000 PODs in the Edyna network (both 
LV and MV customers). For a better illustration, 
considering an average today’s contractual power of 
about 9.5 kW this would correspond to additional 7,000 
(scenario 2030) and 24,000 (scenario “100%”) 
connection points at the indicated average contractual 
power.  

For analysing eventual reinforcement measures in the 
grid and related investment, present hosting capacities 
have been evaluated. For this, real grid data are being 
used, employing Digsilent Powerfactory for performing 
calculations. For the cases of additional power demands 
exceeding available capacities, grid measures such as 
reinforcement of electrical lines and transformer 
substations have been quantified in terms of assets 
(length of line, number of transformers etc., cf. Figure 5) 
and translated into budget requirements (Figure 6). 

Considering the MV grid, results obtained for the Edyna 
grid indicate that major activities will be necessary near 
2030, both in terms of transformer substations and lines 

to be reinforced. This becomes even clearer when putting 
results into relation with actual grid dimensions. 

 
Figure 5: Reinforcement needs in the MV grid 

In order to derive the financial impact, reinforcement 
needs in MV substations are quantified by 15 k€ 
(substitution with one new 630 kW transformer). For the 
MV lines, different ranges are being applied for overhead 
power lines and cables, ranging from 30 k€ to 150 k€. 

Contrary to the MV grid, in the LV network the specific 
characteristics such as dimensions of conductors are often 
not available in detail. In order to assess investment needs 
for the LV grid, a different approach therefore had to be 
followed. Instead of performing calculations individually 
for each single line, results (grid length to be reinforced) 
obtained for the “deep dive” areas presented in the next 
section, have been generalized to the entire grid, with 
average costs of 25-80 €/m of grid length. Resulting 
investment needs are summarized in Figure 6.  

 
 Figure 6: Investment (in Mio. €) needs in the MV and LV 

distribution grid of Edyna in the years ahead 

Annualizing the additional investment requirements of 
5-18 Mio. € until 2030 due to EV gives 0.4-1.5 Mio. €. 
Putting the obtained results into relation with the 
investment plan of Edyna of about 30 Mio. € p.a. as 
outlined in the strategy planning (cf. [8]), this would 
account for an increased budget demand of up to 5% for 
the years ahead.  
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“DEEP DIVE” ANALYSES 

Description of the pilot networks 

Deeper analyses have been performed in two pilot 
networks (Figure 1) that serve touristic areas. As 
anticipated, due to the installation of hotel charging 
stations these networks are expected to be amongst the 
most critical. The characteristics of the networks are 
summarized in Table 3. 

Table 3: description of the considered networks. 

 MV 

lines 

MV/LV 

transformers 

Power of 

transformers 
LV lines 

Grid 1 31.8 km 34 11.0 MVA 58.8 km 

Grid 2 21.7 km 44 14.8 MVA 98.2 km 

The two networks have been analysed in twelve 
characteristics days (working days/holidays/ Saturdays, 4 
seasons). The power profiles of the already connected 
loads have been reconstructed from historical data. 
Regarding the EVs diffusion, the five scenarios described 
in the previous sections have been applied to the test 
networks. The total new installed power for the five 
scenarios is reported in Table 4. 

Table 4: description of the considered scenarios. 

scenario 

mean installed power at each 

LV network [kW] 

Grid 1 Grid 2 

2020 9 5 

2025 27 19 

2030 82 55 

“50%” 178 114 

“100%” 355 230 

Baseline  

In order to take into account the contemporaneity of 
recharge, for the slow charging stations a constant 
recharge rate of 1.5 kW for 6 hours was considered. The 
total charging energy corresponds to the consumption to 
travel about 50 km with an electric car, conservative 
hypothesis since in Italy the mean value is about 
30 km/day. Instead, for the fast charging stations, the 
profiles are randomly generated. Accordingly to the 
national plan for recharge infrastructure (PNIRE [7]), for 
each charging station 2 to 6 daily peaks of absorption 
have been considered. In order to take into account the 
contemporaneity of recharge, these peaks are assigned 
randomly.  

After this process of scenario generation, the networks, 
both at MV and LV levels, are simulated for the twelve 
characteristics days with hourly resolution. The networks 
experience quite few under-voltage violations: although 
the networks are located in the alpine area, they serve 
semi-urban centres, quite robust against voltage 

violations. The violation of current limits is more 
important, but even in the most extreme scenarios only 
about 1 % of the branches exceed their thermal limit. 
Also, the impact on the MV/LV transformers is limited: 
only in the scenario “100%” (full electrification) two 
transformers need to be replaced. 

Table 5: km of branches that exceed the two current 

thresholds (50% and 100% of the rated value). 

 Grid 1 Grid 2 

scenario 50 % 100 % 50 % 100 % 

2020 1.32 0.08 2.96 0.26 

2025 1.98 0.12 3.72 0.22 

2030 3.44 0.15 5.02 0.42 

“50%” 3.69 0.25 5.86 0.42 

“100%” 6.74 0.78 11.17 1.65 

Although the grid is quite robust, this does not mean that 
no criticalities may occur. For the LV networks the main 
issues are due to the local effects of fast charging 
stations. In Figure 7 it is shown the maximum and 
average current in a LV network in the 2030 scenario. 
The maximum current reaches the upper limit due to the 
fast charging stations, however the effect is quite local 
since the average current remain rather low (there are 
many branches connected to small users). So in this case 
it is enough to replace the few branches affected by high 
currents. 

 
Figure 7: maximum and mean current of a LV network.  

The MV networks are more robust and even in in the 
scenario “100%”, only few branches reach their thermal 
limits. However, while the LV grids are more subject to 
the effect of fast charging stations, the MV networks are 
exposed to the effect of domestic charging stations. In 
fact, while the contribution for each LV network is low, 
they sum up in the MV network. This can determine 
some issues in particular when this contribution is added 
to the pre-existing peak determining also an increase of 
the maximum current of about 10 % of nominal rating in 
the scenario 2030.  

Smart recharge 

Even if the networks are quite robust, in the more 
extreme scenarios, some violations may occur in 
particular if the installation of charging stations is less 
uniform along the networks. In order to reduce the 
current in LV lines, peak shaving by 50% for fast 
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charging stations was simulated, extending the duration 
to 1 hour, hence conserving the total energy to be 
recharged. This corresponds to the case of a smart 

recharge, where customers change their load profiles 
according to dynamic prices or other activation signals, 
eventually with a proper remuneration. This can avoid the 
replacement of lines or transformers, e.g. for solving 
contingencies occurring only during a few hours in the 
year. 
This action does not affect directly the MV networks, 
where the fast profiles are already averaged. To reduce 
the peak current in the MV network, it is necessary to 
modulate the domestic EV profiles, which in the 
simulations are spread over 11 hours.  
Simulations demonstrate that also in the full electric 
scenario “100%”, with these two actions the current 
violations may almost be reduced to zero. It is worth 
underlining that in the Italian regulatory framework, 
DSOs are not yet allowed to exploit local flexibility 
options such as reduction of load  or distributed 
generation. 

Summary considerations 

The “deep dive” analyses show that the fast charging 
stations affect mostly the LV networks, while the slow 
charging stations are more critical for the MV networks. 
Issues highly depend on the allocation of charging 
stations. This effect is particular relevant in the LV 
networks, where the variability of allocation is higher 
with respect to the MV networks. In particular, due to 
local effects, even a small penetration of EV can 
determine issues in the LV lines: the installation of a 
relevant fast charge station can easily affect the LV 
network, but not the MV level. Conversely, in the MV 
level, where the profiles are being averaged, only high 
penetrations of EV may determine issues. However, 
when high penetrations are reached, more extended 
measures in the MV networks are needed, while the 
effects in LV remain more local and with higher 
variability.  
Finally, in the “deep dive” analysis it was found that the 
current constraints are more relevant with respect to 
voltage constraints. A possible useful solution is to 
change the charging profiles by some smart measures. In 
particular, it was found that limiting the peak of 
absorption of fast charging stations in the most critical 
hours strongly reduces the criticalities in LV networks. 
Instead, to solve congestion in MV networks it is more 
effective to extend the duration for power absorption of 
home chargers. 

RESULTS AND FUTURE ACTIVITIES  

The future increase of EV penetration will lead to 
challenges for DSOs and their distribution grids. This 
paper summarizes the analysis carried out by Edyna, RSE 
and Alperia for the estimation of the impact in the South 
Tyrol area in the coming years. Both the general and the 

detailed analysis on the Edyna network here reported 
show that the impact will be quite limited in the next few 
years and gain importance approaching the year´s 2030 
and onwards.  
In order to meet these challenges, important investments 
in the grid have to be made. Considering alternative 
solutions (p.es. peak shaving) will eventually allow to 
reduce investments required, as shown for the deep dive 
studies carried out in two pilot areas. 
 
As mentioned previously, the present study considered 
the additional load caused by an increase of charging 
devices for EV only. In order to get an even more 
detailed picture on developments and resulting challenges 
to be faced in the years ahead, a more detailed grid 
simulation would have to integrate also the effects of 
distributed generation, local storage and load increase 
other than for E-mobility. Respective activities are being 
planned in the near future. 
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