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ABSTRACT 

The ongoing global climate changes are inducing the 
increase of severe meteorological events, such as heavy 
snowfall, heat waves and floods, by strongly affecting the 
operation of electrical distribution grids. In this context, 
the Italian Regulatory Authority solicited distribution and 
transmission system operators to increase grid resilience. 
Furthermore, it set up various working group, involving 
all the stakeholders, in order to standardize the risk 
assessment of the meteorological threats. 
Hence, this paper will focus on the methodology developed 
by e-distribuzione to evaluate the resilience of the 
distribution grid due to heavy snowstorm threat. The 
approach, which was in principle shared with the Italian 
Transmission System Operator, was developed taking into 
account the CEI EN 50341-1 standard and relevant 
methodology. It has been applied also to select the 
reinforcement interventions in the e-distribuzione "2017-
2020 Resilience Plan". At the end, a focus on this plan will 
be addressed. 

INTRODUCTION 

In recent decades, the greenhouse effect is more and more 
visible and is leading to increase the frequency of extreme 
weather events, in particular heavy snowfalls, windstorms 
and heat waves, even in unexpected locations. These 
events can induce severe outages in distribution and 
transmission networks with high impact on customers. 
However, even though the high impact events are usually 
low probability (HILP) events, in this context of climate 
changes, weather disasters are becoming more and more 
severe and frequent. 

Traditionally, Distribution System Operators (DSO) and 
Transmission System Operators (TSO) have always 
focused their planning procedures in order to ensure an 
increasing level of network reliability in case of typical 
power outages (i.e. disconnection of power plants, lines, 
transformers, etc.) and single faults. Instead, these HILP 
events cause multiple faults above wide regions and the 
usual availability analysis have to be superseded by a grid 
resilience analysis. 

As these supply disruptions imply on the users’ side a quite 

long lack in the supplied energy and on the DSOs side a 
cost associated with this electricity not supplied, investing 
in network resilience will allow reducing these costs, 
guaranteeing the continuity of service.  

Therefore, the Italian Regulatory Authority for Energy, 
Networks and Environment (ARERA), driven by recent 
severe events, introduced guidelines to push both TSOs 
and DSOs to make investment in grid planning and 
management strategies, in order to improve grid resilience 
against various meteorological threats. This induced DSOs 
and TSOs to develop various methodologies to assess the 
risk due to each meteorological threat, based on their 
specific operating experience. e-distribuzione took part 
also in the CIRED working group, where impacts of these 
events to the electrical supply and risk analysis were 
investigated at European level [1]. 

According to ARERA directive 31/2018/R/eel [2], the 
assessment of power systems’ resilience shall deal with 
main risk factors, which are: heavy snowfalls, heat waves, 
droughts, windstorms, flooding and salt pollution near 
coasts. However, the analysis of outages due to 
meteorological events in the medium voltage (MV) 
distribution grids of e-distribuzione has placed heavy 
snowfalls in the first place among these possible threats 
(see Figure 1). e-distribuzione dataset shows that 90% of 
faults during heavy snowfalls affect the overhead line bare 
conductors and that outages occurs during wet snow 
precipitations which are the most dangerous by inducing 
the formation of snow sleeves with thickness of several 
centimetres [1]. 

 

Figure 1 Duration of outage events for year and  
meteorological threat (e-distribuzione dataset) 
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Hence, this paper focuses on the methodology applied by 
e-distribuzione to assess the distribution grid resilience 
against heavy snowfall threat, in order to select the prior 
reinforcement interventions. 

In section 1, the criteria described in current standards for 
the construction of the overhead lines and the analysis of 
the input data to design overhead lines will be firstly 
described. Afterward, the methodology applied by e-
distribuzione to cope with the limitations of current 
standards to evaluate severe snowfall events will be 
addressed in section 2. In this section, also all issues 
related to the availability of a suitable meteorological 
datasets will be deeply discussed. Section 3 describes the 
evaluation methodology of the power outages risk and the 
algorithm to evaluate needed interventions to increase 
overhead infrastructure resilience based on a priority order 
of the lines risk indexes. Furthermore, solutions to improve 
grid resilience against snowstorms as well as details about 
the "e-distribuzione 2017-2020 resilience plan" are 
described in section 4. Section 5 provides some 
conclusions, together with expected improvements. 

1. ITALIAN STANDARDS TO CALCULATE 
MECHANICAL LOAD ON OVERHEAD LINES 

The current Italian standard concerning overhead power 
lines the CEI EN 50341-1 [3], fully compliant with the 
twin European standard. It provides all criteria to design a 
grid infrastructure withstanding to expected actions of ice 
and wind. e-distribuzione and the Italian TSO agreed to 
perform the resilience assessment of their grids according 
to the methodology of this standard. 

The CEI EN 50341-1 provides a probabilistic approach to 
evaluate snow and wind load on overhead conductors. In 
this standard, the “limit state" concept combined with the 
"partial factor" method is used to design components in the 
network infrastructure. 

Hence, this standard considers three levels of reliability, 
which correspond to three return periods related to a 
certain event, which are 50, 150 and 500 years, 
respectively. The “return period” is defined as the mean 
interval between successive recurrences of a climatic 
action of at least defined magnitude. 

As meteorological factors, such as wind thrust, ice load 
and thermal variations, are variable actions, the 
repetitiveness of meteorological events can be evaluated 
by using the Gumbel cumulative distribution. The CEI EN 
50341-1 defines as reference extreme values, the values 
corresponding to a return period of 50 years, which have 
2% of probability to be trespassed per year.  

However, the standard CEI EN 50341-1 refers to national 
standards for details concerning specific climate 
conditions (National Normative Aspects, NNA). The 
Italian NNA is the standard CEI EN 50341-2-13:2017 [4]. 
This standard defines wind speed, ice sleeve density and 
thickness, and temperature effects on overhead lines for 
each range of altitude in each Italian province. These 

current standards introduced a better approach and 
definition of the climate actions compared to the previous 
standard (CEI 11-4:1998), which constituted the reference 
for the design of most of the Italian operating overhead 
lines. 

2. E-DISTRIBUZIONE APPROACH TO 
EVALUATE ICE LOAD IN OVERHEAD 
DISTRIBUTION GRIDS DUE TO 
SNOWSTORMS 

Unfortunately, the NNA CEI EN 50341-2-13 do not take 
adequately into account the impact of recent 
meteorological events and outages, which induced heavy 
outages in electrical networks and therefore are to be 
mainly considered in a resilience analysis. Hence, in order 
to consider also recent climatic events, e-distribuzione, in 
collaboration with CESI, developed a model to evaluate 
the ice accretion on the overhead line bare conductors, 
called Pre.Ma.G. (Previsione Manicotto di Ghiaccio, i.e. 
Ice Sleeve Forecast). 

This approach is consistent with the Appendix B of the 
CEI EN 50341-1 [3], which states that the evaluation of 
severe ice load can be based on statistical analysis of the 
yearly maximum ice load calculated by means of an icing 
model based on a reliable meteorological dataset, which 
covers a period of at least 20 years. The correct calibration 
of the icing model have to be based on at least 5-10 well-
documented icing events. 

In distribution grids, heavy snowstorm mainly affect the 
overhead line bare conductors. In particular, in a narrow 
range of temperature, wind and humidity conditions, wet 
snow induces the formation of consistent snow sleeves on 
overhead line bare conductors. Modelling this kind of 
phenomenon is a very complex task because the evaluation 
of the accretion of snow or ice sleeves on the conductors 
requires the knowledge with adequate precisions of several 
parameters that usually are available only 
approximatively. Moreover, direct measurements of ice 
sleeves on overhead bare conductors are scarce 

Hence, in order to individuate all critical municipalities, e-
distribuzione commissioned the provision of a 
meteorological dataset to i-em, which developed a spatial 
extrapolation algorithm to estimate all weather variable for 
each Italian municipality by using available measures, 
during nearly twenty years, of more than 100 weather 
stations of Italian Air Force (AM) and Italian air 
navigation service provider (ENAV). 

As the certified weather data are only on a daily basis, and 
only certain climatic parameters were recorded, CESI 
developed the Pre.Ma.G. model starting from the “Chaîné 
and Skeates” model [5], which evaluates the horizontal 
and vertical accretion of ice sleeves by means of empirical 
formula. Pre.Ma.G. model considers mainly the accretion 
of the ice sleeves due to wet snow precipitations, that occur 
at temperatures between 0.5°C and 2°C and with weak 
winds, mainly between 7 ÷ 11 km/h, up to 30 km/h (see 
Case Study 7 in [1]). 
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Pre.Ma.G. model, which takes as input 21 years (1997-
2017) daily climatic data, was tuned by analysing more 
than ten outages due to ice accretion on MV overhead lines 
of e-distribuzione all over the Italian territory between 
2012 and 2017. 

Based on studies in the technical literature, the main 
hypothesis used by Pre.Ma.G. are the followings: 

 minimum temperature for ice accretion phenomenon 
2 °C; 

 daily snow precipitation (Pr) given by  
meteorological data; 

 vertical accretion (Ah) equal to Pr ∗ RT to take into 
account the max temperature recorded during the day 
by using the parameter RT: 

RT = 1   if Tmax  ≤ 2°C 

RT =	   if 2°C< Tmax ≤6°C 

RT = 0   if Tmax > 6°C. 

Therefore, if the daily max temperature exceeds 6°C, 
no ice accretion is considered. 

 horizontal accretion (Av) modified “Chaîné and 
Skeates” model Av = Rv ∗ 0.1 ∗ Vm ∗ Pr

0,6, where Vm 
is the mean wind speed and Rv is: 

 = 1   if Vm ≤ 20 Km/h  

	 	   if 20 Km/h < Vm ≤ 40 Km/h 

 = 0   if Vm > 40 Km/h. 

As a consequence, if the daily mean wind speed 
exceeds 40 Km/h, no ice accretion is computed. 

 in case of snow precipitation covering consecutive 
days, the snow precipitation used for the ice accretion 
of day (g) take into account the precipitation of 
previous days (maximum 5 days)  

∗ 0.8 ∗  

0.6 ∗ 0.4 ∗ 	0.2 ∗
1

where: 
Pr (g)     is the snow recorded in the day g 
Pr (g-n) is the snow recorded in the day g-n with a 

reduction coefficient 

The equivalent radius due to the ice accretion if finally 
calculated with the following formula  

.   2 	

where: 
K is variable according to the conductor radius 
r  is the conductor radius. 

The equivalent radius due to the ice accretion allows to 
evaluate, taking into account the wind speed, if the 
conductor is able to withstand the new mechanical stress 
calculated. 

Pre.Ma.G. allows estimating the maximum yearly ice load 
(Im) for each Italian Municipality and for each cluster of 
MV overhead conductor due to the daily meteorological 
conditions of the past 21 years. After that, the severe ice 
load (IT) corresponding to the ice load with a return period 
T of 50 years, that corresponds to the reliability level 
defined for the overhead line, need to be evaluated. Hence, 
in compliance with the Appendix D of the CEI EN 50341-
1 [3] by using the Gumbel distribution for extremes. 

This Gumbel distribution is based on the mean value (Imm) 
of the maximum ice loads Im, the coefficient of variation 
(vI) for yearly maximum ice load and the number of years 
(n) with annual maximum values. The general form of this 
cumulative distribution for extremes can be written as in 
equation (3) and can be used for computing both wind and 
ice load extremes. In fact, for a general variable x, this 
Gumbel distribution gives the probability that the extreme 
value xi for an arbitrary year is less than any chosen value 
x. The factors used in the Gumbel distribution are 
computed by using equations (4) and (5). Instead, equation 
(6) can be used to compute the coefficient of variation. 

	 3 	

		 4 	

		 5 	

		 6 	

where: 
C1, C2 are parameters depending on the duration n of 

the measuring series (see Table D.1 in [3]) 
α, μ   are factors used in the calculation of Gumbel 

distribution 
          is the mean value of n yearly extremes xi 

σ          is the standard deviation 
v          is the coefficient of variation. 

Hence, the Gumbel distribution allows obtaining: 

 the ice load (I50) with a return period of 50 years by 
using equations (3), (4) and (5); 

 the shape parameter ksp as function of the coefficient 
of variation and the two parameters C1 and C2 by 
using equations (6) and (7). 

		 7 	

Figure 2 shows the trend of the shape parameter for the ice 
loads as functions of the return period. 

 

Figure 2 Shape parameter ksp obtained for the extreme ice load 
as functions of the return period [6] 
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In this way, two values of I50 calculated by using the same 
criteria in CEI EN 50341-1 are available: the first one, 
named I50 CEI, provided by the NNA CEI and the second 
one, named I50 PreMaG, provided by Pre.Ma.G.. Hence, both 
methodologies, CEI and Pre.Ma.G., can be considered in 
parallel for the calculation of the risk indexes. 

3. E-DISTRIBUZIONE APPROACH TO 
EVALUATE THE IMPACT OF 
SNOWSTORMS ON OVERHEAD 
DISTRIBUTION GRIDS 

The outages risk of each MV/LV substations (“Secondary 
Substation”, SS), for severe snowstorm events can be 
estimated by using the return period calculated according 
to CEI EN 50341-2-13 standards and Pre.Mag.G. model. 

In compliance with ARERA guidelines [2], the risk of 
power outage for each SS can be computed as the product 
of probability by impact as in equation (8): 

	 	 ∙ ∙ 	
	

 (8) 

where: 

 is the SS return period, which represents the 
inverse of the likelihood of power outage of a 
given SS due to a critical event; 

	  is the number of Low Voltage (LV) users 
affected by the outage, which is equals to the 
number of LV users supplied by the SS. 

The resilience index IRE is the inverse of the risk index IRD. 
For a proper evaluation of the resilience, however, two 
more aspects should be considered in the risk index: 

 the number of MV users affected by the outage, 
adequately weighted against the LV users 

 the duration of the outage, which is related to the 
likelihood of the event (i.e. [7]) 

In fact, frequent events, to whom small return periods 
correspond, are usually easily repairable with short time 
restoration of the service. Instead, low probability events, 
to whom long return periods (i.e. over 50 years) 
correspond, have high impacts and imply long time for the 
restoration of the service [1]. 

The return period TR SS depends on the return periods of 
the branches TR B constituting the more resilient feeding 
path to the secondary substation. 

Hence, first of all, the TR B of severe snowstorm have to be 
estimated for each Municipality and conductors’ type. CEI 
standards and Pre.Ma.G. model provide two estimations of 
the loads due to ice sleeve, which allow evaluating the 
branch return period TR B. The inverse of the branch return 
period (1/TR B) gives an estimation of the likelihood of 
conductor’s breaking due to snow overload. It is computed 
by solving the system of equations composed by the state 
equation of the conductor (11) and the conversion factor’s 
equations (9) for the ice load and (10) for the wind. 

_ 	 	

_ 	 	
	 9 	

_ 	 	

_ 	 	
	 10 	

∙
∙ ∆ 0	 11 	

where: 

Tf  is the final horizontal tensile strength 

T0  is the initial horizontal tensile strength 

   is the linear thermal expansion coefficient 

E   is the elastic modulus 

S   is the conductor section 

Δθ represents the temperature variation. 

After that, in order to compute TR SS, e-distribuzione 
developed a pathfinding algorithm based on graph visit 
routine, which individuates both the standard and back-up 
paths between each SS and supplying HV/MV substations 
[6]. An example of standard feeding paths is shown in 
Figure 3. In order to compute the most resilient path 
(Figure 4), this algorithm analyses all possible paths by 
taking into account also the full availability of all possible 
normally open back-up branches (in grey in Figure 3). In 
fact, MV networks are mainly topologically meshed, but 
radially operated. 

Since the reinforcement interventions are planned by line, 
after identifying the risk of each SS, it is needed to identify 
the total risk of each MV line at Italian level. Hence, a 
priority order of the lines based on line’s risk indexes has 
to be found. However, the line risk cannot be simply 
computed as the sum of the 	  of each SS fed by the 
line [6]. 

 

Figure 3 Example of normal feeding paths from HV/MV 
substations to various SS (red, green, orange, cyan segments) 
with back-up interconnections (grey segments) [6] 

 

Figure 4 Example of more resilient paths found by the graph 
visit algorithm (gold segments) [6] 
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In fact, this would give priority to lines with many 
substations with medium or even low 	 , regardless of 
the highest SS riskiness [6]. Thus, the line intervention 
priority was set by considering only the SS with 	  risk 
index above the high-risk threshold IRD HR, as in (12): 

	 ∑ 	 	 	   (12) 

4. SOLUTIONS TO IMPROVE GRID 
RESILIENCE FOR SNOWSTORMS AND 
"2017-2020 RESILIENCE PLAN" 

Several risk factors can be taken into account in the 
Resilience Plan (RP) according to [8]: intense snowstorm, 
heat waves, droughts, flooding, windstorms and salt 
pollution near coasts. However, in view of recent events 
experienced in Italy and for budget limitations, most 
efforts in the RP for 2017-2020 focus on heavy snowstorm 
threat and heat waves. 

With reference to the former, different solutions to 
improve grid resilience can be applied. The main 
improvement of grid resilience consists of increasing the 
structural robustness of the less resilient line branches by 
replacing the thinner bare conductors with most resilient 
conductors, such as Aluminium Steel Reinforced 
conductors with a diameter of 150 mm2 or overhead trefoil 
cables. The goal of this reinforcement is to increase the 
return period of the most resilient feeding path. 

The 2017-2020 RP expects, in addition, the reclosing of 
MV line with higher impact on possible impacted 
customers and the installation of remote-controlled 
systems in secondary substations at the beginning of MV 
lateral branches. 

These interventions allow to power up possible involved 
customers in a short time and to protect the backbone of 
MV line from possible faults on lateral branches. 

This RP includes about 1.000 MV lines and consist in: 
 replacement of about 5.500 km of MV lines bare 

conductors; 
 meshing of MV lines with transversal branches by 

using overhead or underground cable for about 500 
km of MT lines; 

 installation of about 4.500 MV remote-controlled 
systems. 

Interventions includes 17 Regions and 72 Provinces 
distributed all around the Italian territory. 

Thanks to all actions planned in this plan, e-distribuzione 
estimates that about 4 million customers will benefit from 
the interventions listed in the current RP for the years 
2018-2020. The cost-benefit analysis of this plan is 
discussed in depth in [9]. These RPs are incentivized 
through an awards/penalties mechanism, which actually 
has a duration of 6 years, and is described in [10]. 

5. CONCLUSIONS 

In the last 15 years, Italy experienced severe snowstorm in 
various regions. Hence, this paper summarized main 
points to evaluate the impact of expected snowfall events 
on overhead distribution grids designed according to 
Italian standards in force when they were erected. In some 
cases, recent meteorological events and outages trespassed 
also the most recent standard design values. Even though 
a consolidated methodology common to all DSOs is still 
not available, in order to draft its resilience plan, e-
distribuzione and CESI developed a methodology based on 
an accretion model of the ice sleeve, called Pre.Ma.G., in 
order to evaluate yearly maximal ice load and 
consequently the outage risk. The methodology complies 
with the design criteria provided by current standards CEI 
EN 50341-1 and takes into account all daily 
meteorological variable during last 21 years. 
In 2017, RSE started to create a meteorological reanalysis 
dataset with high spatial and temporal resolution for Italy. 
These dataset have been recently made available to all 
electricity sector players. Furthermore, e-distribuzione is 
implementing a new project in order to support all 
resilience activities by installing weather stations in some 
strategic HV/MV substations, specific sensors, load test 
spans and anti-icing devices in order to collect data to 
improve the parameters of ice accretion models and 
improve the emergencies management. 
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