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ABSTRACT 

In 2014, the Italian Regulatory Authority for Electricity 
Gas and Water (AEEGSI), with the support of experts 
from ACER (Agency for the Cooperation of Energy 
Regulators) and ISGAN (International Smart Grid Action 
Network), was involved in a real case of cost benefit 
assessment for a large scale smart grid project, “Grid 
integration of REnewables Energy sources in the North-
MEditerranean” (GREEN-ME).  
The project has been conceived by a consortium 
involving two transmission system operators and two 
distribution system operators from Italy and France.  
The paper describes in detail the indicators used for 
assessing benefits which include both network-related 
and dispatching-related benefits.1 
 

INTRODUCTION 

After a period of relatively small pilots, smart grid 
deployment on large scale is becoming an increasingly 
relevant topic across Europe. Especially in countries (like 
Italy, among others) with very high penetration of 
distributed generation, most of which renewable-sourced, 
energy regulators are now considering smart grid 
implementation challenges more thoroughly.  
Since 2010, the European Regulatory Group for 
Electricity and Gas recommended to evaluate the 
breakdown of costs and benefits of demonstration 
projects and to take decisions based on societal cost-
benefit assessment [1]. Such an analysis has already 
occurred in a few countries, due to its importance for 
enabling regulators to take appropriate action at national 
level, as highlighted by a recent report of the Council of 
European Energy Regulators [2].  

                                                           
1 The paper represents the personal interpretation by the 
authors of the material presented. The opinions expressed in this 
paper do not necessarily correspond to the opinions of AEEGSI 
or of the Agency for the Cooperation of Energy Regulators or of 
any of its Boards. 
The Agency for the Cooperation of Energy Regulators does not 
guarantee the accuracy of any data and information included in 
this presentation and accepts no responsibility for any 
consequence of their use. 

In 2014, the Italian Regulatory Authority for Electricity 
Gas and Water (AEEGSI), with the support of ACER and 
ISGAN experts, was involved in a real case of cost 
benefit assessment (CBA) for the Italian part of a large 
scale, cross-border smart grid project, “Grid integration 
of REnewables Energy sources in the North-
MEditerranean” (GREEN-ME).  
GREEN-ME covers a large area between the North of 
Italy and the South of France; it has been conceived and 
proposed by a consortium involving two transmission 
system operators (TSOs: Terna in Italy, RTE in France) 
and two distribution system operators (DSOs: ENEL 
Distribuzione in Italy, ERDF in France). In 2013, 
GREEN-ME was selected as “Project of Common 
Interest” (PCI) for smart grid according to Regulation 
(EU) No 347/2013 [3].  
Expected results of GREEN-ME are a deeper integration 
of Renewable Energy Sources (RES) distributed 
generation thanks to improved predictability and control 
of distributed resources, as well as to enhanced 
automation and control of medium voltage grids 
according to an integrated approach already tested in pilot 
projects in Italy under the regulator’s oversight and 
financing [4].  
The two Italian promoters of GREEN-ME submitted to 
the AEEGSI a joint request for an assessment of 
significant positive externalities of the Italian part of the 
project, according to article 14 (4) of Regulation (EU) No 
347/2013; a similar request was made to the French 
regulator. This paper relates to the regulatory assessment 
of the CBA for the Italian part of the project. French and 
Italian regulators assessed, each for its own national part 
of the project, the results of the CBA performed by the 
promoters; this joint activity allowed to check for 
possible “double counting” effects of benefits. The 
independent assessment carried out by AEEGSI led to 
slightly more prudent estimates. 

PROJECT DESCRIPTION 

GREEN-ME would go towards a smarter management of 
the distribution and transmission grids, becoming an 
important key facilitator for European low-carbon energy 
future. The aim of the project is to implement innovative 
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solutions for the management of Dispersed Generation 
(DG), mainly, but not only, from RES.  
 

Scale of the project 
The project will impact a wide area involving both the 
medium voltage (MV), high voltage (HV) network as 
well as extra-high voltage (EHV), encompassing 111 
HV/MV and 14 EHV/HV substations, which are 
comprised between the North of Italy and the South of 
France. It will cover a consumption area of almost 11 
TWh/year, of which 2,7 TWh originate from resources 
currently non-dispatchable (data related to GREEN-ME 
proposal for PCI, 2013). It will involve the Terna and 
RTE (as TSOs) as well as ENEL Distribuzione and  
ERDF (as DSOs ).  
 

Technical innovation 
The project proposal relies on the implementation of 
several innovative functionalities, distributed in different 
technical areas, mainly: 
1. Enhanced cross-border interconnection management: 

• New data exchange to perform advanced cross 
border flow calculation; 

• New data exchange about the operational status of 
the system operation on both sides of France-Italy 
border. 

2. Power system observability and controllability: 
• Implementation of fast and accurate measurement 

functions; 
• Optimal coordinated voltage control; 
• Active power regulation functions involving 

distributed generators; 
• Automated management of transmission network 

constraints. 
3. Transmission and distribution grid automation: 

• High-voltage HV fault localization; 
• Dynamic Line rating; 
• Enhanced MV automation (in case of failure); 
• Anti islanding on MV grids- 

4. Emergency actions on generation and loads: 
• New selective load shedding functions 

development, in accordance with the National 
Grid Code as well as the  draft Network Code on 
Emergency and Restoration that has been 
proposed by the European Network of TSOs for 
electricity (ENTSO-e) at European level. 

Evolution scenario 
The CBA took into account the RES forecast scenarios 
according to the whole area of the project, which were 
consistent with the National Development Plans available 
in France and Italy (as well as with ENTSO-e estimates).  
The calculation of benefits is based on the 
implementation of all above functionalities, assuming an 
increase of RES installed capacity over the 15 years of 

assessment. 
 
Table 1  

Forecast[MW] Year 
2020 

Year 
2029 

Additional RES capacity in the 
Italian and French project area  

387 1900 

SMART GRID PCIs AND COST-BENEFIT 
METHODOLOGY 

Regulation (EU) No 347/2013 set out the trans-European 
energy infrastructure priority “Smart grids deployment” 
and defined criteria for PCIs.  
The most important criteria for smart grid PCIs are: 
• the potential overall benefits of the project outweigh 

its costs; 
• the project is designed for equipments and 

installations at a voltage of 10 kV or more. It involves 
TSOs and DSOs from at least two Member States, 
which covers at least 50,000 network users in a 
consumption area of at least 300 GWh/year, of which 
at least 20% originate from RES that are variable in 
nature. 

The criteria for smart grid PCIs (and in particular costs 
and benefits) shall be assessed in accordance with these 
indicators: 
• Level of sustainability; 
• Capacity of transmission and distribution grids to 

connect users; 
• Network connectivity and access to all categories of 

network users; 
• Security and quality of supply; 
• Efficiency and service quality; 
• Contribution to cross-border electricity markets. 
The Smart Grid Regional Group established by 
Regulation (EU) No 347/2013 defined – with the 
scientific contribution of the European Commission Joint 
Research Centre (JRC) – the CBA assessment framework 
for smart grid PCIs [5]. In particular, Annex II of that 
report present guidelines for the calculation of 21 key 
performance indicators (related to the six indicators 
above), while Annex III of that report discusses the 
monetary benefits of the CBA. 
Based on high-level assessment framework, the Smart 
Grid Regional Group assessed four candidate smart grid 
projects in the first half of 2013 [6]. In July 2013 ACER 
provided its Opinion No 16/2013 on the draft lists of 
PCIs [7]. In October 2013 the European Commission 
issued the Commission Delegated Regulation (EU) No 
1391/2013 which confers the PCI label to only two smart 
grid projects: PCI 10.1. North Atlantic Green Zone 
Project (Ireland, UK/Northern Ireland) and PCI 10.2. 
GREEN-ME (France, Italy). 
The relatively limited numbers of candidate and selected 
projects is a concrete measure of the innovation attached 
to the deployment of large scale smart grid projects 
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across borders and, moreover, across transmission and 
distribution networks. 

EXPECTED BENEFITS  

GREEN-ME2 will bring benefits to the Italian electric 
system since it allows to actively manage resources, 
especially photovoltaic (PV), connected to distribution 
grids. The project, indeed, makes controllable a certain 
amount of resources that normally are non-controllable at 
all. Therefore, with a proper evolution of the regulatory 
framework (as explained below), the RES production 
units connected at distribution level could provide 
significant dispatching services (namely, the downward 
tertiary reserve and the downward balancing services), 
ensuring benefits to the whole power system. 
The following paragraphs describe in detail the benefits 
associated to the project, comparing the proposed 
evolution against the current situation regarding RES 
participation to dispatching. 

RES impact in the current situation 
From the TSO perspective, the strong increase of RES 
generation has determined new problems in the operation 
of the power system. These problems are bound to 
worsen in the coming years, due to the ambitious 
European decarbonisation targets that imply a further 
development of RES. 
Some of the most critical problems are listed here below. 
A) The increase of costs of ancillary services markets, 
due to the increase of uncertainty in energy injections and 
withdrawals as well as to the shortage of the ancillary 
services available from the day-ahead energy markets 
dispatching. Both causes are mainly related to the 
increase of RES generation, in fact: 
• The variability and the uncertainty that is inherent in 

the variable generation is added to the variability and 
the uncertainty in the existing system: as a 
consequence, the TSO has to create larger reserve 
margins than in the past, with higher costs for the 
power system; 

• The reduction of thermal generation in favour of RES 
generation decreases the number of thermal power 
units dispatched. Therefore, it is less likely that the 
reserve margins are already available without 
redispatching actions in the ancillary services 
markets. 

B) The over-generation (OG) phenomenon: when the 
RES output is very high, it is possible that the total non-
interruptible generation output exceeds load. The non-
interruptible generation is mainly composed by: RES 
generation, thermal generation associated to heating 
processes and the minimum thermal generation necessary 
to ensure the system security (system reserve, voltage 
regulation etc.). During these events, the only solution to 

                                                           
2 From now on, in the rest of this paper, in sake of simplicity 
we refer to the Italian part of the project as “GREEN-ME”. 

ensure the balancing of the system is the curtailment of 
part of the RES generation, in order to restore the balance 
between generation and load. Clearly, the RES 
curtailment has a negative impact in terms of economic 
efficiency and carbon emissions. 

Regulatory evolution assumed 

In order to overcome the issues of the present situation, 
an adequate development of the regulatory framework for 
dispatching is also needed. In estimating benefits of the 
project for the Italian system, the promoters considered 
some guidelines set by AEEGSI in the Consultation 
Document (DCO) 354/2013 for enlarging the set or 
resources allowed to provide grid services on the 
Ancillary Services Market (ASM), where three different 
models for dispatching RES (DG) are presented [8], [9]. 

In model 1 (Extended Central Dispatch), all production 
units will be enabled to provide ancillary services which 
will be provisioned by the TSO as a market operator. The 
RES and DG producers will be responsible of 
maintaining their planned production avoiding 
unbalances, while the TSO will be in charge of ensuring 
the system security. Given the complexity of the tasks, a 
hierarchical definition of the supervision and control 
actions is necessary: a clear hierarchy of functions 
between TSO and DSOs has to be established. In this 
sense, all RES (and DG) have to be monitored with 
respect to which product they are offering and at what 
time. These data should be available to the DSO as soon 
as possible, so that the DSO can react accordingly in 
emergency situations and curtail the most appropriate 
units.  
In model 2 (Local Dispatch by the DSO), the DSO could 
both procure services to satisfy its own needs at 
distribution level and manage resources on behalf of the 
TSO. The TSO should no longer act on each and every 
RES unit connected to the distribution grid; but the orders 
from the TSO should be executed by the DSO. DSOs, 
when procuring system services, interact with the energy 
market in a more direct way than in model 1. As regards 
system resources, the TSO accepts, both in the program 
phase and in the real time phase, bids/offers from both 
conventional plants and DSOs in order to operate the 
power system (central dispatch). 
In model 3 (Scheduled Program at HV/MV interface), the 
DSO is responsible of maintaining a Scheduled Program 
at HV/MV interface. Differently from model 2, DSOs 
will not offer ancillary services to the TSO; they will only 
maintain the adequate program profile by solving the 
unbalances produced by the DG units connected 
downstream. As a consequence, the TSO will reduce the 
quantity of energy traded on the ASM: theoretically, it 
will only manage unbalances related to power plants 
connected to the HV grid. In order to reduce the 
unbalances at each HV interface, the DSO will use all 
balancing resources on the distribution network, while the 
TSO will manage the system with a central dispatch 
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including all users connected to the HV grid. 
Additionally, the DSO will be able to acquire services via 
a local market of ancillary services, as in the previous 
model, in order to better manage the distribution network. 
Whatever the model for the new role of DSO, the 
important issue highlighted by DCO 354/2013 is that the 
current situation needs to be evolved to a new scenario, 
where ancillary services will be provided not only by 
conventional, large-size, generation plants, but also by 
RES (connected to distribution systems, DG). But the 
RES participation to ancillary services requires a new 
infrastructure. 

Dispatching-related benefits  
GREEN-ME could provide the technical infrastructure 
enabling the increase of the amount of controllable 
resources able to provide the ancillary services (in 
particular, the downward tertiary reserve and the 
downward balancing).  
RES contribution to the downward tertiary reserve and to 
the downward balancing could: 
· i) Decrease the costs of the grid services procured ASM, 

because it is possible to redispatch less thermal 
generation. In fact, during the hours with scarcity of 
reserve, it is necessary to move upward some 
conventional power units and to move downward 
other conventional power units, in order to create the 
desired reserve margins. Instead, if RES generation is 
allowed to provide part of the tertiary system reserve 
(according the assumed new regulatory framework), 
the ASM will redispatch less resources.  

· ii) Reduce the OG and hence the RES curtailment, since 
the system requires less thermal generation in service 
for creating the desired reserve margins.  

 
Possibility of RES dispatching due to balancing needs has 
to be considered as well, as depicted in the figure below. 
 

 
 

Network-related benefits  
A smart integration of DG can enable a reduction of the 
need for network reinforcements, and therefore allow a 
deferral of traditional investments. The CBA calculation 
includes: 
• The avoided costs of the reinforcement project, 

allocated to the years where the reinforcement project 
was planned, 

• The costs of the reinforcement project, allocated to 
the years when the investment will actually take place 
after the deferral. 

Besides, network-related benefits can come from 
increased value of service. Reduced outage time can be 
achieved through monitoring and real-time network 
information, quicker detection of anomalies, remote 
management and automatic network reconfiguration. In 
principle, the estimated level of outage costs goes beyond 
the immediate lost load cost and reflect societal impacts, 
which can be quantified as value of service. It measures 
the cost of outages for the economy. 

Environmental benefits  
Some functionalities, especially the innovative voltage 
control implemented on the distribution network, allow 
an increase of the RES hosting capacity, and 
consequently a reduction of the share of conventional 
energy sources. This integration of RES helps to reduce 
primary energy use, CO2 emissions as well as other 
pollutant sources such as NOx and SOx emissions. 

ESTIMATION OF DISPATCHING-RELATED 
BENEFITS 

These benefits, as explained above, are strictly related to: 
• Increase of the ancillary services market efficiency for 

procuring the downwards reserve margins; 
• RES curtailment due to the balancing service; 
• Reduction of the over-generation issue. 
The CBA evaluated the three impacts with an appropriate 
methodology, described in the following paragraphs. 

Increase of the ancillary services market efficiency for 
creating the reserve margins 
The evaluation of the improvement of the market 
efficiency for creating the reserve margins was carried 
out with simulations based on the two horizons 
considered in the study (2023 and 2030). The tool used is 
a day-ahead market simulator that produces hourly 
results. The simulations were performed on the Italian 
perimeter with a zonal model. 
The aim of the simulations is to model the operation of 
the Italian interconnected power system. The target was 
achieved with the optimization of the thermoelectric 
dispatching freezing the scheduled exchanges with 
foreign countries and by adding the following constraints 
to the ones of the day ahead market: 
- Scheduled start-up of the thermal power plants needed 

to ensure the system security; 
- Secondary reserve; 
- Upward tertiary reserve; 
- Downward tertiary reserve. 
The scheduled start-ups to ensure the system security are 
based on the knowledge and the experience of TERNA. 



 23rd International Conference on Electricity Distribution Lyon, 15-18 June 2015 
 

Paper 1658 
 

 

CIRED 2015  5/6 

The estimation of the secondary and tertiary reserve 
demands was based on the current practices used for the 
operation of the power system. 
In particular, the formula adopted for calculating the 
secondary reserve demand (SRD) is: 
 

��� = 	−150 + �150� + 10 ∗ ���� 
where LOAD is the hourly load of the geographical 
perimeter considered (Continent, Sicily and Sardinia). 
 
The formula used for calculating the downward and the 
upward tertiary reserve demands (TRD) is: 

��� = 	�� ∗ ������� + ������ + ����	 
Where: 
����� is the standard deviation of the forecast error for 
the hourly load; 
����� is the standard deviation of the forecast error for 
the hourly wind generation; 
��� is the standard deviation of the forecast error for the 
hourly PV generation (not present in the current practices 
of Terna, but considered in the study according to the 
forecasted development of PV in the future); 
�� is the inverse normal distribution with a probability of 
99.7% (2.74). 

RES curtailment due to the downward balancing service 
The CBA produces the value of the hourly tertiary 
reserve provided by RES. In order to determine the 
amount of this reserve used for balancing, the study 
developed a probabilistic approach, based on the analysis 
of the upward and the downward volumes on the 
ancillary services markets in 2013. 
In particular, the sum of the volumes (upward and 
downward) used in the ancillary services markets is a 
measure of the balancing need of the power system.  
 

Reduction of the over-generation issue 

The methodology is based on the same simulations 
performed for evaluating the improvement of the market 
efficiency for creating the reserve margins. 
In this case, through a post processing analysis, the 
GREEN-ME impact on the over-generation issue is 
obtained. In particular, the analysis focused on the 
GREEN-ME capability to provide the tertiary reserve. If, 
in a certain hour, a certain amount of over generation is 
present in the Northern Italy bidding zone, the reserve 
provided by the resources enclosed in GREEN-ME 
perimeter is equal to the OG decrease. 
In fact, in these hours, an increase of the thermal 
generation for creating reserve would produce certainly 
an increase of OG in the system. 
The variation of the OG due to GREEN-ME is also 
related to the value of the variation of the RES 
curtailment. 
The monetization of the benefits was obtained 
multiplying the reduction of RES curtailment by the cost 
of the RES curtailed, calculated as the average cost of 

thermal generation (in €/MWh). In particular, this term 
considers: 
-  The fuel and the operation and maintenance costs of 

the thermal generation; 
-  The cost of the carbon emission. 
 

Furthermore, the large amount of dispersed generation, 
especially from RES, limits the full exploitation of the 
border transmission capacity (BTC) in some periods (low 
consumption ones), due to the needs of: 
- committing in operation a minimum set of rotating 

power plants for security reasons, in order to guarantee 
the stability and controllability of the system, in terms 
of voltage profiles and reserve requirements; 

- preventing, by ex-ante BTC profiling (when any other 
possible countermeasure is missing), risks of system 
overfrequency in case of huge amount of non-fully 
controllable energy produced by renewable dispersed 
generation plants during very low load periods. 

 

The following table reports the current BTC yearly values 
(import values [MW], year 2015) for the Italian northern 
border, highlighting how during special periods (low 
consumption ones as bank holidays and spring weekends) 
the BTC allowed could be well below the maximum 
values (workdays winter peak).  
 
Table 2 – Border transmission capability [MW] 

 
 

In the very near future, due to the further expected 
development of RES capacity, the need of BTC 
limitations could become more and more significant 
without proper countermeasures. In this context, the 
deployment of smart grids on a wider scale could bring to 
appreciable benefits in terms of a better exploitation of 
the BTC according to the energy market potentialities.   
Hence, the project, by making controllable DG, and 
consequently allowing its usage also for providing 
adequate and reliable balancing resources, will contribute 
to better shape the exchange profiles by reducing the 
need of limitation of the available BTC during critical 
periods (e.g. hours with low consumption). 

BENEFIT CALCULATION 

With particular focus on the CBA performed for the 
Italian part of GREEN-ME, the main results of the 
assessment are reported in the table below3: 
Although some uncertainty is inherent in any exercise of 

                                                           
3 The results presented are referred to the CBA related to the 
Italian part of the PCI project “Green-Me”, performed by Enel 
and Terna and assessed by AEEGSI. 

Peak      
(7h-23h)

Off-Peak                                     
(0h-7h/23h-24h)

Peak          
(7h-23h)

Off-Peak                                     
(0h-7h/23h-24h)

Monday/Saturday 8435 7620 6705 6200

Sunday 7620 7620 6200 6200

Special periods

Winter Summer

1000÷5000
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benefits and cost estimates, the results of CBA are the 
following findings: 
a) dispatching-related benefits accounts for almost half 

of the total benefits, calling for the assumed change of 
the regulatory framework; 

b) from a societal point of view, the benefits outweigh 
the costs incurred by the project, demonstrating that 
the project is economically sustainable when all 
benefits (both internalized in the regulation and 
externalities) are taken into consideration. 

 
Table 3 

 Range (M€) 

Dispatching-related benefits [85 / 95] 

Network-related benefits [50 / 60] 

Environmental benefits [32 / 42] 

Total benefits (Italy only) [167 / 197] 

Of which: externalities [117 / 137] 

Of which: internalized benefits [50 / 60] 

Total costs (Italy only) [105 / 127] 

Ratio total benefits/cost (best estimates) 1,57 
 
The results are based on simulations taking into account 
the costs and benefits seen from the society at large. Only 
the implementation of the whole project could help 
measuring the actual benefits. 
 
On top, further externalities could not be monetized, in 
particular innovation, security of supply and solidarity 
and further: 
• Better exploitation of cross-border capacity: the 

assets interconnecting the two systems, at 
transmission level (220-380 kV), could be better 
exploited because smart distribution grids could 
guarantee a better monitoring and more accurate 
forecast of non-predictable RES, allowing less risks 
of cross-border exchanges reduction; 

• Energy independence:  higher Hosting Capacity in the 
distribution systems allows Member states to reach an 
enhanced level of energy independency,  enforcing 
higher security of supply: this is a qualitative benefit 
particularly relevant in Europe and especially for 
Italy, due to high level of gas import; 

• Dissemination of results: the project could become a 
reference case for European manufacturers and grid 
operators at both distribution and transmission level, 
as well for System Operators, in order to exchange 
information at European level on RES integration, 
DSO-TSO coordination and actual benefits of smart 
grid functionalities. 

CONCLUSION 
The analysis performed for GREEN-ME is a pioneer 
application of CBA approach and one of the first ever 
submitted in Europe to validate a smart grid deployment 

on such a large-scale. In the paper, the indicators used for 
cost/benefit assessment are described in detail; in 
particular, benefit indicators used in CBA include 
dispatching-related benefits (where distributed generation 
can contribute to downward tertiary reserve and 
balancing services), network-related benefits and 
environmental benefits. The performed CBA shows that, 
from a societal point of view, the benefits outweigh the 
costs incurred. GREEN-ME is economically efficient 
even considering only a limited number of key 
performance indicators, although the concrete assessment 
of dispatching related benefits required an advanced 
approach, with a substantial evolution of the regulatory 
framework. 
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