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Production Consumption

Every hour, minute, second..

Why we need storage systems?



Failures Demand forecast 

approximation

Why we need storage systems?

Inertia of thermal plants
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Why we need storage systems?



Tertiary response

ITA t < 30s – duration >15min ITA t < 200s – duration > 2h ITA t < 15 min – variable duration (UVAM 4h)

The need of grid services
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Who is providing flexibility today?

Fossil-fuel plants:

• Programmable

• Variable response time

Hydro storage plants:

• Programmable

• Fast ramp-up and ramp-down

https://www.terna.it/it/sistema-elettrico/transparency-report/actual-generation



Future challenges with increasing RES



Future challenges with increasing RES
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RES Production forecast approximation

Season variations Daily variations

Future challenges with increasing RES
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Who will provide flexibility tomorrow?
Power demand and production (MW) in an average 
day in May 2030. 
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total demand Hydro+PV+wind geo+biomass

cogen fossil e.e. only + inport over production

Overproduction > 10% total 
demand, 16 GW on peak

No modulation by fossils

Only RES and import!
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Who will provide flexibility tomorrow?
Italian grid May 2030: even worse than 
California 

ITA 2030



Solutions:

• Capacity market
• Programmable RES

• Energy storage
• Demand-side response



Storage systems

Grid or Renewable plant

Electrical 

Energy Storage 

(EES)

Grid or Consumer

ɳ charge

ɳ discharge

ɳ self-discharge

(thermal energy 
integration)





PUMPED HYDRO





CAES

Adiabatic CAES
Pout < Pin

Non-adiabatic CAES
Pout > Pin



Flywheels



Storage systems features

• Power density [W/kg]

• Energy density [Wh/kg]

• Specific cost to power [€/kW]

• Specific cost to energy [€/kWh]

• Roundtrip efficiency

• Scalability

• Service life [years and cycles]

• Dismantling costs and env. impacts

• Self-discharge losses

• Performance decay in different conditions

• Construction time

• Reliability and availability 

No single 
technology to 
meet all 

requirements



Power 
services

Energy

(and power) 
services



Power services

From seconds to minutes: 

Services to distribution and 

transmission network 

operators for grid balancing 

and frequency regulation

From minutes to hous: 

Balancing services on the grid



Energy services
From several hours to weeks or 

months:

Renewable energy dispatchability



Storage systems efficiency

X. Luo et al. / Applied Energy 162 (2016) 589–600



Storage systems
Overview of the energy storage worldwide installed capacity



Storage systems

Levelised Cost of Storage for 
Pumped Heat Energy Storage in 
comparison with other energy 
storage technologies, 2017

Levelized Cost of Storage 

+ roundtrip efficiency losses!



Key message
It’s very important to promote use optimization, maintenance 
and new installation of Pumped Hydro Storages



Key message
Italy faces a geographic constraint to effectively use PHS: 5.3 GW out of 7.6 GW are located 
in the north of Italy 

Production from pumped hydro in Italy:
• Lower price diffrential

• Monopoly of Enel



Key message
Italy faces a geographic constraint to effectively use PHS
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Emerging alternatives: VPP

Efficient use of distributed 
storage (and production) 

systems already in place

• Data exchange

• Remote control

• Owner agreement
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Emerging alternatives: VPP
What is the normal use of a residential storage?

Prelievo Autoconsum
o

Immissione

Savings:
• System fees  40~100 €/MWh 
• Delta price PUN – CAP
• Roundtrip losses = - PUN * 0.20

25 ~ 200 €/MWh

Roundtrip 
efficiency 

~80%

Autarky 
increase

30 -> 70%

6 
kW

4 kW – 10 
kWh

10’000 €
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UVAM is paid to provide on-demand up-lift flexibility to the grid through:

• Load reduction from Consumption Units

• Increase of energy injection from Production Units or enabled Energy storages 

Measurement

device

UNIT 1 UNIT 2 UNIT «N»

Balance Service 

Provider

TSO

UVAM

Flexibility demand

Measurement

device

Measurement

device

UVAM is managed by a Balance Service Provider

which has a direct communication with the TSO (TERNA)

• Fixed compensation

• Variable compensation

Energy bonus for the 
customer

UVAM project
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UVAM (Mixed Aggregated Virtual Units) is a virtual aggregate of units which 

may include:
• Consumption units (UC)

• Production units (UP)

• Energy storages, e-mobility (ES)

Requirements:
• Minimum size of UVAM = 1MW of modulation capacity

• The units aggregated in the UVAM must be located in the same area 

Scope:

• Supply tertiary and real time balancing reserve to the grid

Revenue:
• Fixed daily revenue for the availability to provide the service

• Variable revenue in case of activation (few times in a year)

UVAM project
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• Grid balancing resources are always needed on the system (today the 

target is mainly achieved through programmable plants)  

• Today we miss a solution to achieve cheap, scalable and efficient 
energy storage! 

• The higher the share of non-programmable RES, 

the higher the need for grid balance services

• Power and energy services involve different ES technologies with 

different roles 

• Batteries and VPP will play an important role for power services

• Pumped Hydro plays and important role for energy services

Conclusions
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To allow high penetration of non programmable renewables we need all the 

possible solutions:

• Flexible generation from fossil fuels 

• Best use of programmable renewables

• Grid and interconnection extension

• Demand side response, also through VPPs

• Energy storage development, also through new technologies

Conclusions
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Thank you!
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