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INTRODUCTION 

This paper summarizes the experience of the DSO e-

distribuzione with the new Italian resilience regulation, 

showing the pioneering approach adopted by the company 

to select and evaluate the network interventions. Finally, 

the paper illustrates the operative procedures of e-

distribuzione focused on the increasing of the network 

resilience – for both the network structure and the fast 

recovery activities - and possible proposals of evolution 

for the Italian resilience regulatory framework. 

WHY A SPECIFIC RESILIENCE 

REGULATION IS NEEDED 

In recent years, extreme weather conditions due to climate 

change are becoming increasingly evident and impacting 

on essential public services. As far as concern the 

electricity distribution systems, the occurrence of 

meteorological HILP events (High Impact, Low 

Probability events) can lead to several outages on wide 

areas, involving hundreds of thousands of users and firms 

for extended periods. Worldwide, the number of extreme 

weather events such as: snowstorms, flooding and 

heatwaves increased four times in the last thirty years [1]; 

furthermore the Intergovernamental Panel of Climate 

Change (IPCC) states that most of the climate change 

variations observed are unprecedented compared to past 

centuries [2]. 

Italy is increasingly affected by severe snowstorms in 

winter and heatwaves during summer. In particular, winter 

snowstorm could lead to ice sleeves on the bare conductors 

of the power lines, as a result of the interaction between 

various phenomena, such as: snowfalls, low cloud, wind 

and rain on the bare conductors. Particularly dangerous for 

overhead powerlines, realized in bare conductors, is wet 

snow that easily adhere to the external surface of the 

conductors and occurs with air temperature between 0°C 

and +2°C with high ice density that could reach 500 kg/m3. 

The accumulation of wet snow can lead to the formation 

of heavy sleeves on the conductors, with overloads even 

higher than 20 kg/m, potentially causing the collapse of the 

conductors and line trellis [3]. At the same time, during 

summertime, distribution lines may be affected by 

prolonged periods of high temperatures and lack of 

precipitation, which cause overheating and drying of the 

                                                           

1 Number of days with daily minimum temperature greater 

than 20°C. 

2 The Italian regulation considers an interruption due to 

ground, particularly harmful for the underground lines. 

The year 2017, in Italy, was the second hottest since 1961 

and the 18th consecutive year showing a number of tropical 

nights1 and warm days higher than the historical average 

of the years 1961-1990 [4]. 

The Italian regulatory framework 

Starting from 2000’s, the Italian Regulation provides a 

penalty/rewards scheme according to which Distribution 

System Operators (DSOs) receive, for each territorial area 

of competence, a reward if their performances of duration 

or frequency index are below the regulatory target set for 

the year; vice versa, the DSOs will pay penalties [5]. The 

adoption of this regulatory framework was a success 

during years in terms of reduction of both: duration and 

frequency of interruptions under DSOs responsibility that 

significantly fell down since the beginning of the 

regulation. 

However, interruptions caused by “force majeure”2 or 

interruptions longer than at least 8 hours (i.e. “very long” 

interruptions) are excluded from the remuneration 

mechanism, because these types of interruptions are 

consider out of DSOs control. However, users affected by 

long interruptions receive individual economic 

compensations. 

 

FIGURE 1: Minutes lost per year. Source: ARERA Annual Report 2018 [6] 

Indeed, from a construction point of view, even if the 

Italian electricity distribution networks are designed, 

realized and maintained adopting the prescriptions of the 

International Electrotechnical Commission (IEC), the 

Comité Européen de Normalisation Electrotechnique and 

the Italian Electrotechnical Committee (CEI), 

unpredictable extreme events can overcome the limits of 

“force majeure” only if it is document-proven or if is 

identified by a specific statistical analysis (so called 

“PCP”).  



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

Paper n° 1651 

  
 

CIRED 2019  2/5 

the technical standards prescriptions causing severe 

electricity outages. According to this new scenario, DSOs 

have to adopt new and more severe technical standards 

looking for predictive models that, according to historical 

data, can provide a useful tool to prevent this kind of 

disruptive events. Moreover, these events can cause heavy 

damages to the public roads, slowing or even blocking the 

system recovery activities managed by the emergency 

response teams of the DSOs.  

In order to build a future-proof and resilient distribution 

network, technical requirements have to be updated taking 

into account the current frequency and strength of the 

meteorological events. At the same time, the regulation has 

to incentivize the technical and operational extra-effort 

required to the DSOs to develop a resilient grid and 

guarantee a fast system recovery after an extreme weather 

event, considering that the renewal of weakest portions of 

the network have to be completed at a rapid pace and in a 

few years. 

KEY ELEMENTS OF THE ITALIAN 

RESILIENCE REGULATION 

Based on e-distribuzione experience, the definition of a 

resilience regulation requires: 

(i) The development of guidelines and criteria to 

select the interventions which have to be included into 

the DSO’s Resilience Plans (hereinafter also “Plans”); 

(ii) The definition of appropriate incentive 

mechanism to support investments in Resilience;  

(iii) The definition of adequate incentives to sustain 

fast recovery actions after a disruptive meteorological 

event. 

As for point (i), following a regulatory address a 

discussion forum (Resilience Round Table) was 

constituted, where the main Italian DSOs and other 

relevant stakeholders (such as the Italian Electrotechnical 

Commitee CEI – the Italian TSO Terna, the Italian national 

research institute on the power system RSE and the Italian 

experimental electrotechnical center CESI) developed 

statistical-mathematical models to assess risks in order to 

rank and select the interventions on the power lines. These 

models, basically, takes into account: structure of the 

network, historical weather data and predictions of future 

meteorological events and were harmonized to criteria sets 

into the “guidelines for the presentation of work plans to 

increase the resilience of the electricity system” 

(hereinafter “guidelines”) approved by the Italian National 

Regulatory Agency (ARERA) [7].  

Regarding the definition of the incentive mechanism 

(point ii) the Regulator adopted in December 2018 a 

specific framework based on rewards and penalties [8]. 

This incentive scheme was adopted after a consultation 

process started in September 2017 and will be applied to 

the next DSO’s Resilience Plan 2019-2021.  

As for incentives of point (ii), also the definition of the 

incentives scheme to stimulate a fast recovery of the 

system (point iii) will require a specific consultation 

process, as stated by the Regulator [9]. 

Guidelines and criteria to select resilience 

interventions  

The main criterion adopted to select the priority of 

intervention is the so called risk index of power outages 

(IRI), equal – for each intervention - to the probability of 

outages after an extreme weather event (P), multiplied by 

the relevance of the outages, considered equal to the 

number of low voltage users interrupted (NUD). In turn, P 

is the inverse of the return period of the extreme weather 

event (TR). Therefore, in formula: 

𝐼𝑅𝐼 = 𝑃 ∗ 𝑁𝑈𝐷 =
1

𝑇𝑅
∗ 𝑁𝑈𝐷 =

𝑁𝑈𝐷

𝑇𝑅
  

The main target of DSO’s Resilience Plans is to achieve – 

for each selected intervention - a risk index of power 

outages after the investment (IRI-post) lower than the risk 

index of power outages before the investment (IRI-pre). 

In order to rank the interventions, each DSO has to list 

them considering the IRI in descending order. Having 

ranked the interventions, each DSO has to select the ones 

to include into its Resilience Plan, starting from the ones 

with higher IRI-pre. Finally, based on its own experience on 

technical and authorization times, each DSO has to 

indicate the expected start and conclusion semester of each 

intervention. 

THE RESILIENCE PLAN 2018-2020 OF E-

DISTRIBUZIONE 

Current edition of the three-year Resilience Plan 2018-

2020 of e-distribuzione was published in June 2018, taking 

into account the two main extreme weather phenomena on 

its network: snowstorms and heatwaves [10]. The 

interventions were selected and ranked adopting specific 

statistical-mathematical models for each extreme weather 

condition: the wet snow model (Pre.Ma.G) [11] was 

developed by e-distribuzione together with CESI, while 

the heatwaves model is the result of a pioneering study, led 

by e-distribuzione, since there are not similar models 

worldwide. 

As for the prediction of ice and snow loads on overhead 

power lines, Pre.Ma.G analyzes twenty years of 

meteorological data (since 1997) on hourly bases, for each 

Italian municipality, and it was tested and validated with 

real extended outages caused by snowstorms, as prescribed 

by the CEI  50451-1.  

The technical solution identified by e-distribuzione to 

reduce IRI on MV lines - selected by Pre.Ma.G - is the 

replacement of bare conductors in overhead lines with 

helical twisted cables (elicord), in order to reduce the 

probability of outages (P). Moreover, the Plan includes 

interventions to increase the redundancy and the remote 

control of the network, reducing the number of low voltage 

users interrupted after an extreme weather event (NUD).  

As far as concern the heatwaves, the model developed by 
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e-distribuzione takes into account that high temperatures, 

especially if linked with drought periods, increase the 

probabilities of faults on underground cables. The 

combination of these meteorological conditions can lead 

to the inversion of the thermal flow between underground 

lines, ground and the air, increasing the probability of hot 

spots on the cable insulation and, above all, on the cable 

joints. However, the mere presence of high frequency of 

heatwaves does not necessary leads to higher number of 

interruptions, because the distribution network of e-

distribuzione guarantees the continuity of supply in case of 

single damage on a MV underground line in urban areas 

(so called security criterion N-1). Therefore, the model 

adopted by e-distribuzione divides the network in urban 

areas into portion that can resist to double faults - being 

fed at least by three different alternative paths - and 

considers the probability that the climate conditions 

described before could cause a simultaneous double faults 

on this network portion, causing long lasting interruptions. 

The interventions to increase resilience against heatwaves 

included into the Plan 2018-2020 and selected with the 

abovementioned model aim to increase the meshing of the 

grid, realizing new transversal remote controlled MV 

branches of lines and new lines linked to the primary 

substations, overcoming the traditional security criterion 

N-1. These interventions aim to reduce both the 

probability of outages (P) and the number of low voltage 

users interrupted after an extreme weather event (NUD).  

Considering both the interventions to increase resilience 

against wet snow and heatwaves, the Resilience Plan 

2018-2020 of e-distribuzione includes a total of 1840 

interventions on the MV network –corresponding to over 

six thousand km in aerial and underground lines -  

involving more than four million users for a total 

investment of about 500 M€3 over three years. 

Resilience Plan 

2018-2020 

Number of 

interventions 

Involved   

users 
Km 

wet snow 886 1.270.875 5.585 

heatwaves 954 2.816.663 1.055 

TOTAL 1.840 4.087.538 6.640 

Table 1: Main KPIs of the Resilience Plan 2018-2020 of e-distribuzione 

This Plan provides also a description of the cost-benefit 

analysis (CBA) realized by e-distribuzione for each 

interventions. 

 

Cost-Benefit Analysis of the Resilience Plan 2018-

2020 of e-distribuzione 

According to the guidelines, each selected intervention of 

the Plans is subject to a cost-benefit analysis (CBA) 

developed by each DSO following the general criteria 

defined by the Italian Regulator, adapted to the operational 

and technical specifications of each company. The benefits 

considered by e-distribuzione thanks to the interventions 

of the Plan 2018-2020 are: 

 B1: lower costs due to the reduction of extended 

                                                           

3 Including 55 M€ of investments started in 2017, with the 

interruptions. This is the only benefit applied to both 

interventions against wet snow and heatwaves, while 

the others applies only to interventions against wet 

snow. 

 B2: lower costs sustained by the DSO to manage the 

system recovery activities after extended interruptions. 

 B3: lower costs due to the reduction of ordinary 

interruptions 

 B4: lower operative costs sustained by the DSO to 

manage the system recovery activities after ordinary 

interruptions. 

 B5: other benefits 

Almost 90% of the total benefits refers to B1, that takes 

into account the reduction for the final users of duration 

and frequency of long-lasting and extended interruptions 

due to exceptional weather events, considering an 

economic value of the energy not supplied (ENS) of 12 

€/kWh for domestics users and 54 €/kWh for non-domestic 

users. These values were defined by the Italian Regulator 

as an average between the “willingness to pay to avoid 

interruptions” (WTP) and “willingness to accept 

interruptions” (WTA) lasting one hour, updating the 

results of a survey realized in 2003 [12]. According with 

the data provided by e-distribuzione and other DSOs, the 

average duration of the potential avoided interruptions – 

needed to quantify the ENS – was set to 16 hours for 

interruptions due to snowstorms and 8 hours for 

interruptions due to heatwaves. The users to whom the 

benefits find application were determined considering 

those who face a reduction of IRI after the intervention. 

Finally, the average hourly energy consumption is based 

on the real values of 2017, assuming an year on year 

increase of 0,9%. In formula: 

B1 = number of LV/MV users involved by the intervention * 
average hourly LV/MV consumption * average duration of 

the potential avoided interruptions (16 or 8 hours) * hourly 
value of ENS (12 or 54 €/kWh) 

Regarding the benefit B2, it was considered an average 

unitary cost (AUC) for the recovery activities of 2,9 €/h, 

determined considering the real operational costs sustained 

from 2013 to 2017 to face extreme weather events and the 

average duration of the interruptions per user. In formula: 

B2= number of LV/MV users involved by the intervention * 
average duration of the potential avoided interruptions (16 

or 8 hours) * AUC (2,9 €/h) 

Benefit B3 considers the same value of ENS described for 

benefit B1, but it focuses on the potential reduction of 

ordinary interruption. Replacing the bare conductors in 

aerial lines with elicord cables led e-distribuzione to a 

decrease of 4% of the duration of the ordinary 

interruptions. In formula: 

 

 

 

previous Resilience Plan 2017-2018. 
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B3 = number of LV/MV users involved by the intervention * 
average hourly LV/MV consumption * 4% reduction of the 

duration of ordinary interruptions * hourly value of ENS (12 
or 54 €/kWh) 

Moreover, replacing the bare conductors in aerial lines 

with elicord cables involves a 4% reduction of the 

maintenance costs after failures (benefit B4) and a 57% 

reduction of the costs sustained to prevent damages due to 

the fall of tall trees on power lines (benefit B5). 

It is assumed that all these five benefits find application 

starting from the first year after the conclusion of the 

interventions, and last for the whole economic useful life 

of the interventions themselves (25 years). The net benefit 

(benefits – costs) of each intervention is set actualizing the 

expected twenty-five years of benefits and the costs with a 

discount rate of 4% set by the Regulator. 

The total amount of the net-benefit of the Resilience Plan 

2018-2020 of e-distribuzione outweighs the costs, with a 

benefits/costs ratio higher than 2 (over 1 billion € of 

discounted benefits vs approx. 500 M€ investments). The 

Italian national electric power system will get a benefit 

higher than twice the costs that will be sustained by e-

distribuzione. 

Resilience 

Plan 

2018-2020 

Discounted 

B1 Benefit  

(M€) 

Discounted 

Total 

Benefits 

(M€) 

Discounted 

Total 

Costs (M€) 

Discounted 

Net 

Benefit 

(M€) 

wet snow 767 886 384 502 

heatwaves 131 131 97 34 

TOTAL 898 1.017 481 536 

Table 2: Economics of the Resilience Plan 2018-2020 of e-distribuzione 

There are, however, some interventions with negative net 

benefit: these were included into the Plan because the 

driver adopted to rank and select the investment is the    

IRI-pre, regardless the value of the economic net-benefit, 

that is defined only after the selection process. Indeed, if 

the driver to select the interventions was the CBA instead 

of IRI-pre, then some high-risk lines would be excluded 

from the Plan (e.g. lines with negative net benefit due to 

few connected users, but on which the DSO should 

intervene because of the relevant IRI-pre because of a very 

low TR). 

INCENTIVE MECHANISM STARTING FROM 

THE NEXT RESILIENCE PLAN (2019-2021) 

In December 2018, ARERA published the Decision n. 

668/2018/R/eel concerning the incentive mechanism of 

Resilience Plan 2019-2021 that will last until 2024. 

According to the new regulation, if an intervention with 

TR<50 years and positive net benefit is concluded into the 

planned semester, the DSO will receive a reward equal to 

a 20% share of the net benefit. In formula: 

𝑅𝑒𝑤𝑎𝑟𝑑 = (𝐵′ − 𝐶′) ∗ 0,2 

Where B’  is – for each intervention - the discounted total 

benefits included into the Plan (if the planned NUD and 

the achieved NUD differ by no more than 20%) or the 

discounted total benefits recalculated considering the 

achieved NUD (if the planned NUD and the achieved 

NUD differ by more than 20%). C’ is always the 

discounted total costs considering the actual expenditures, 

not the planned ones. However, if the intervention is 

concluded with a delay of one semester, the 

abovementioned reward is halved. The reward is halved 

also if, within five years from the conclusion of the 

intervention, the aerial line/underground remote controlled 

transversal will face an interruption longer than 8 hours 

due to the extreme weather event for which the 

intervention was realized. If the delay is equal to two 

semesters, a penalty of C’*10% is applied, while if the 

delay is three semesters or more, the penalties goes up to 

C’*25% and the DSO has to provide a report for the delay. 

This penalties mechanism is applied also to the 

interventions with TR<50 years and negative net benefit. 

However, all these potential penalties are cancelled if, at 

the end of the three years of the Plan, the interventions are 

concluded into the planned semester for at least 90% of the 

users affected by the interventions with TR<50 years. 

Even though rewards and penalties are applied on annual 

basis, the Regulator set a cumulative three-year cap to the 

net rewards as 25% of the estimated costs of the 

interventions included into the Plans 2019-2021 and 2022-

2024 [13]. 

CONCLUSIONS AND NEXT STEPS 

Even though the pioneering approach of both e-

distribuzione and the regulatory framework, there is still 

room of improvements regarding both operative approach 

of the DSOs and regulation, that together could lead to a 

further increase of the network resilience and – 

consequently – to higher benefits for the Italian customers. 

The concept of resilience involves not only the design of a 

network able to withstand to extreme events, but also the 

ability of the system to restore its standard condition 

operation in the shortest time possible. Having set the 

incentive mechanism for the interventions of the 

Resilience Plans, the main next step to complete the 

general framework should be the definition of the 

regulatory framework needed to stimulate a fast recovery 

of the system after disruptive meteorological event. During 

2018, e-distribuzione shared with other stakeholders 

involved in, the operational activities adopted to facilitate 

a fast recovery of the system, that include: 

 Preventive actions: emergency simulations adopting 

specific summer and winter emergencies plans, 

dedicated weather services, continuous coordination 

with the local authorities and the providers of other 

public services (e.g. TLC and highway companies, the 

TSO, the Italian civil protection, Mayors etc.); 

 Alerting/Alarm actions: preventive deployment of 

technicians and equipment, reinforcement of the 

remote control and operative presidium, alerting third-

party companies; 
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 Emergencies actions: activation of the National Crisis 

Unit for the coordination of the in-field activities, 

reinforcement of the institutional communications. 

ARERA, with the Consultation Document 

460/2018/R/eel, proposed two alternatives approaches: 

one based on the ex-ante recognition of the costs sustained 

by the DSOs to increase the readiness of intervention 

against a potential extreme weather event, the other based 

on the ex-post recognition of the costs sustained by the 

DSOs in case of real occurrence of an extreme weather 

event. 

Moreover, the interventions of the next Resilience Plans 

will be ranked and selected with updated version of the 

models, thanks to the revisions coordinated by CEI.  

Furthermore, it should be taken into account the inclusion 

of the intervention with high IRI-pre but negative net benefit 

into the reward mechanism regulation. As described in the 

previous paragraph, starting from the Plan 2019-2021 

these interventions will generate only penalties (in case of 

delay), while the interventions with high IRI-pre and 

positive net-benefit can generate rewards or penalties 

(depending on whether or not there is a delay). This 

asymmetry into the incentive regulation does not take into 

account that, despite the relevance of the CBA for the 

system, the main target of each resilience intervention 

included by the DSOs into their Plans is the reduction of 

the risk index and the increase of the whole network 

resilience.  

Additionally, the reward formula could be simplified, 

considering always the planned net benefit, without the 

necessity of re-calculate the benefits in case of 

discrepancies between planned NUD and achieved NUD 

higher than 20%. This change in the formula could avoid 

remarkable reporting complexities for the DSOs. 

Moreover, the penalties are applied in every case if the 

interventions is completed with a delay of two semesters 

or more, thus not taking into account the delays caused by 

force majeure (e.g missing authorizations by public 

bodies). In other words, the penalties mechanism has some 

elements of uncertainty that should be removed.  

In addition, it shall be notice that the ratio benefits/costs 

resulting from the CBA – even though highly than 2 – is 

underestimated, because there are different types of 

benefits not easily quantifiable that were not included in 

the CBA (such as indirect benefits for the users, mainly 

related to the avoided negative social impacts of the 

extended interruptions due to the stop of public services, 

e.g. public lighting, electric transports, etc.). It shall be 

possible in the future to monetize such benefits, or 

combine the financial-economic assessment of the CBA 

with other criteria able to give value to the social impacts 

of the intervention that are not easily monetarily 

quantifiable.  

Finally, considering that in the long-run the incentive 

regulation for the interventions included in the Resilience 

Plans will end (2024, as defined by the Regulator), while 

extreme weather events are here to stay and their frequency 

will likely increase, the technical standards required to the 

DSOs after this date should consider the extreme weather 

conditions as “the new normal”. Consequently, the 

continuity of supply regulation should continue to 

recognize the additional technical and operative efforts the 

DSOs will deal with, even after the year 2024. 
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