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Satellite view of Europe in September 28th,  2003

Power supply was restored between 5 
hours (in northern Italy) and 19 hours 
(!!!, in Sicily) after the accidental event 
… 

… very high economic impact, which 
roughly estimated assuming a Value of 
Loss Load (VOLL) in the order ot 4000 
€/GWh, resulted in the order of 0.06-
0.1 % of GDP …

Weakness of national electric system, 
mainly  due to insufficient working 
capacity of power plants, was 
identified as one of the main causes …
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New thermoelectric capacity installed in 2003-2009

Based on the current demand at 2003 and 
overestimation of future demand … 
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… approximately 20 GW of new capacity 
by novel power plants (mainly, CCGT) and 
repowering of old plants were installed

… let us indicate this as «grey period» 
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Rapid growth of renewable capacity installed in 2009-2014

Several support mechanisms (Green Certificates for wind, then feed in tariff for wind and 
biosources, several programmes of feed-in premium for solar PV) have favoured a rapid 
growth of installed renewable capacity … 
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Natural gas replaces 
other fossil sources

Decrease of demand 
and simultaneous 

growth of renewables 
reduce the production 

by thermoelectric 
plants 
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Working hours of fossil-fuel based power plants

Source: Agora Energiewende (2016): Energy Transition in the Power Sector in 
Europe: State of Affairs in 2015. Review of the Developments and Outlook for 
2016. Data processed by Entso-E

Source: Elaboration of statistical data provided by TERNA

Based on historical market prices and in the 
hypothesis of ideal control, marginal costs of CC are 
covered for 3800-4000 hours per year, while from 
an LCOE perspective (i.e. including fixed costs) 
maximum profitable operation would be 2000-
2200 hours per year.
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Source: Assoelettrica audition to the Senate of Italian 
Republic, 2016

Source: TERNA monthly report on the Electric System (July 2018)

In order to play a more relevant role on the 
reserve market, increasing nominal efficiency is 
going to become a secondary goal compared to 
rapid load transient …

… and for existing plants, retrofit actions are 
being implemented to enable the plant to 
modulate its capacity more quickly …

Maintaining high HRSG 
temperature when off 

(auxiliary steam or inertia)

Conventional sequential 
start of GT and ST

Parallel start of GT and ST
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Transmission system

2006 – Very similar local Day Ahead prices in all 
the electric macrozones .. 

Highest prices in summer 

2010 – Sardinia and Sicily, the two large islands, 
experience much higher DA prices .. 

Yearly price profile gets smoother

2014 – Sardinia connected to rest of Italy, Sicily 
remains the only critical area .. 

Lowest prices move to summer

2018 – Situation of Sicily slightly improves …
Prices experience a reduction
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Transmission system
Based on detailed analysis of critical power fluxes, 
large investments have been made in High Voltage 
transmission system …

Assuming the congestion rent (CR) as an indirect 
measure of infrastructural performance, improvement 
are testified by its gradual decrease from over 700 M€
down to approximately 300 M€ in the last years …

In Sicily …

 ... Criticisms related to a 
very limited 380 kV grid 
and a 220 kV ring … 

 ... Only partly solved by 
improving  150 kV 
connections with internal 
areas

2008

2016

Areas with 150 kV grid being improved to 
allow for connection fo new renewables
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Other countries are experiencing more or less similar trends …

…  like if grid stability issues, uncertainty on future demand levels and pressure exerted by 
conventional power suppliers tighed the potential for new renewables in as a sort of vise … 

How to debottleneck local systems when, after reaching 30-

35% penetration, renewable capacity tends to stagnation?



“Unlocking flexibility potential”
Panel: Stepping up the penetration of 

renewables against infrastructural and financial 
barriers

Asst. prof.  Goran Krajačić, dipl. ing.
Palermo 03/10/2018



Source: Robert Sansom (Imperial College), Winter Peak Heat Demand
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Flexibility California



Market response to solarization
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FAST METHOD 
•Harnessing Variable Renewables, IEA, 2011



Flexible resources in the Iberian 
Peninsula
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•Harnessing Variable

Renewables, IEA, 2011



Capacity 1 kWh
Cost 209$/kW
Lifetime 10year

Capital cost 5%
Yearly cost 27.07$
Daily 1 kWh 365kWh
LCOE for 1 kWh 0.07$/kWh

year 2018 2019 2020 2021 2022 2023 2024 2025
$/kWh 167 134 107 86 68 55 44 35
$/kWh 0.06 0.05 0.04 0.03 0.02 0.02 0.02 0.01
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Power Market Study 2025, © 2015 Deloitte Consulting GmbH  



Digital energy transition

Digitalization & Energy, IEA, 2017
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CLEAN ENERGY FOR ALL EUROPEANS


