\\— International - ISES Webinar, 6 May 2021

NISES  Scaling Up - High PV and Renewables Penetration Scenarios =

TOR VERGATA

UNIVERSITY OF ROME

rrrrrrrrrrrrrrrrrr

m

Italian protocol for massive solar penetration

Cristina Cornaro
Department of Enterprise Engineering, CHOSE — University of Rome Tor
Vergata, Rome, Italy — cornaro@uniroma2.it

eurac

AN
g:’g Clean Power Research research

UNIVERSITY
ATALBANY



\NISES Scaling Up - High PV and Renewables Penetration Scenarios

\—ymamt, - ISES Webinar, 6 May 2021 £ J TOR VERGATA
- UNIVERSITY OF ROME

Credits

Marco Pierro Richard Perez
Marc Perez
David Moser Matteo Giacomo Prina
Py
: N | eurac
UNIVE\RSITY 82.-) Clean Power Resea rCh researCh

ATALBANY



Outline

Italian energy outlook

Motivation and objective

Methodology

Flexible PV concept

Firm PV generation

100% Renewable transition

UNIVERSITY

g:; Clean Power [Research

UNIVERSITY OF ROME

-~

% -
’_ﬁu@
Wil v VEdW

eurac
research



TOR VERGATA

UNIVERSITY OF ROME

=\ Italian energy outlook

PV generation

PV penetration= PV generation/electric consumption (295.5 TWh)
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=\ Italian energy outlook
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=\ Italian energy outlook
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©) Motivation

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

Timeline
1. Improve the forecast accuracy and enlarge the T 2020
forecast footprint from the current six market zones
to the whole Italy
+ 2025
2. Use of flexible PV plants for solar imbalance
regulation (perfect forecast) + 2030

3. Use of flexible PV plants for firm PV generation

A 4 2060



Net-load imbalance
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c=<? Forecast accuracy

volumes

"State of art" forecast (Italy) _ 12.6 TWh (-27.4%)
"State of art" forecast (market zones) ||| |} bQbNEEEEGEGE 151 TWh (- 12.6%)
current TSO forecast (market zones) _ 17.3 TWh



.} Flexible PV plant concept
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Scalable strategy to 100% renewables
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¥ Perfect forecast

“state of the art” forecast Solar regulation
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Perfect forecast
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A Firm PV generation

+ SOLAR OVERSUPPLY & CURTAILMENT

Firm power (100%-ready) logistics
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+ SOLAR OVERSUPPLY & CURTAILMENT
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| + SOLAR OVERSUPPLY & CURTAILMENT
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A Firm PV generation

+ SOLAR OVERSUPPLY & CURTAILMENT
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A 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.

8 LCOE=40.8 €/MWh

PV-WIND curtailment=23.2% of generation

$5=0.93 GWh/ .
” BESS= 120 GWHh . PV-130 GW . WIND= 50 GW To reach least-cost production,
50 NATURAL GAS=8% of the load 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.
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wme 100% Renewable transition
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100% Renewable transition
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wme 100% Renewable transition
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Where to install?

0.4% of the Italian surface area
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Where to install?

PV potential
[Gwp]
ABANDONED AREAS 0.9
EXTRACTIVE AREAS; CAVE and MINES 30
SITE TO BE RECLAIMED 0.4
SITE OF NATIONAL INTEREST TO BE DECONTAMINATED (39 sites) 15.5
Re-POWERING - [ 25

GREENHOUSE FOR AGRICULTURE (425 km2) 21.3

[
HYDROPOWER BASIN (33 km2) 1.7
RAILWAYS (24299 km) 121.5
HIGHWAYS (6943 km) | 347
ELECTRICAL TRANSMISSION LINE (72900 km) | 364.5
BIPV ON NON RESIDENTIAL BUILDINGS | 49.3

I T T T T T T T T T 1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Fraction of PV potential
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A change of paradigm

DISTRIBUTED GENERATION
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A change of paradigm
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CENTRALIZED MASSIVE SOLAR & WIND GENERATION
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High solar visual impact
High distribution loss
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Simple system with few
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Centralize TSO-DSO Grid
management and no radical
grid change

Very low PV and storage
costs

Solar availability for all
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