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Italian energy outlook 
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In Italy, the electric mix in
26 years moved towards
renewable energy sources
(40%)
Oil products consumption for
thermoelectric generation
almost disappeared

In only 10 years, solar became the
second renewable energy source

Electric energy mix



PV penetration= PV generation/electric consumption (295.5 TWh)
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5th solar producer in 
the world

1th country in the 
world

in terms of solar 
penetration

Italian energy outlook 



Final Yield [kWh/kWp]

Final Yield 
1160 kWh/kWp

Global horizontal
Irradiance GHI [kWh/m2]

GHI
1600 kWh/m2

PV generation
22.1 TWh

PV capacity
19.3 GWp

PV generation [GWh]

Italian energy outlook 



Motivation 

Monthly average of the daily profiles

• difficult to predict• intermittent

PV production is:



We suggest a temporal sequence of three strategies to allow
massive solar penetration in the Italian case study :

1. Improve the forecast accuracy and enlarge the 
forecast footprint from the current six market zones to 
the whole Italy 

2. Use of flexible PV plants for solar imbalance 
regulation (perfect forecast)

Aim

3. Use of flexible PV plants for firm PV generation 

2020

2025

2030

2060

Timeline



Methodology

1. We assumed a reasonable PV growth scenario according to the Integrated National
Plan for Energy and Climate (PNIEC) targets and realistic "learning curves"

2. We developed a “State of the art” Net-load forecast model:

PNETLOAD (for)=PLOAD (for)-PWIND (for)-PPV (for)

and we test it using real PV generation and market price data comparing the imbalance
volumes and costs with the current values obtained by the Italian TSO



Forecast accuracy

3. Improving the accuracy and
enlarging the footprint of the PV
forecast to the whole Italy reduces the
imbalance of 27.4%
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2. Improving the PV forecast accuracy
reduces the imbalance volumes of
12.6%

1. The forecast currently
used by the Italian TSO
achieves an imbalance that is
in between the persistence
and the “state of the art”
forecast

Single plant

Region

Italy

Market



Flexible PV plant concept

GUARANTEED PRODUCTION CAISO 24 hours ahead

© Perez & et al.



Perfect forecast

“state of the art” forecast

Halve the 
forecast error

NO
forecast error

Solar regulation

0.25 kWh/kWp

3.8% of PV generation

Perfect forecast

1.4 kWh/kWp

3.8% of PV generation



Firm power (100%-ready) logistics

© Perez & et al.

load shape

actual

Firm PV generation
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Firm PV generation



By 2060, turnkey utility-scale PV costs are expected to be at € 350 and
batteries at € 90 per kWh. At this point, applying flexible PV and wind
plants for firm 24/365 power generation will be economically attractive.

To reach least-cost production, 
an optimal balancing between 
solar and wind 
overbuild/curtailment and 
storage must be determined. A 
small residual use of natural gas 
could also be considered to 
further minimize costs and 
maximize flexibility. 

Firm PV generation



100% Renewable transition



100% Renewable transition



Where to install



A change of paradigm
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 High solar integration

 Low distribution loss

 Difficulties in O&M

 Complex system with many
actors

 Intermittent PV generation

 Grid management problems for
TSO-DSO

 Not enough space for massive
solar generation in cities

 High PV costs (not for all)



A change of paradigm

PRODUCERS

AGGREGATORSINDUSTRIAL
COMMERCIAL 

DISTRICT

CITIES

FLEXIBLE
WIND 

FARMS

FLEXIBLE 
PV

FARMS

POWER 
PLANTS

TSO – DSO
UTILITY

 High solar visual impact

 High distribution loss

 Optimal performance and
O&M

 Simple system with few
actors

 Centralize TSO-DSO Grid
management and no radical
grid change

 Very low PV and storage
costs

 Solar availability for all



Yes, we can!
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