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Introduction

2. Primary frequency regulation

Objective: to explore the opportunity to couple RES
power plants with ESSs (Energy Storage Systems) in
order to provide ancillary services to the power system.

Frequency regulation parameters are set in compliance
with ENTSO-E prescriptions.
• Dead band: 20 mHz.
• Droop control: 2%.
• Regulation band: 3% of the rated power.
• Time to deliver the maximum capability: 15 min.

The model proposed is named Virtual Power System.
In a VPS a set of resources, generators, loads and
ESSs, distributed on an area, are properly coordinated
to provide services to the grid; all the resources of the
VPS have to be monitored and controlled in real time.
In this study, three regulation functions, considered
pivotal for the grid operation, are discussed:
1. voltage regulation;
2. primary frequency regulation;
3. DG exchange profiles adjustment for better RES
programmability.

DG+ESS can modulate the
real power injections to
support
the
frequency
regulation capability of the
system.

1. Voltage regulation
Overvoltage limit: +10% of rated voltage
Local control laws considered:
To this purpose, the ESS has to provide about
4 complete charge and discharge cycles per day.

3.

Increasing of
programmability

the

energy

profiles

ESSs can improve the power exchanges forecasting
accuracy of load/generation, by adjusting them in order to
respect a specific program.
PV production is predicted the day ahead by weather
forecasts data and a linear regression model:
energy imbalances 13.4% of the PV production.
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IPS tripping of DG unit DG Power Limitation
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∆Eprod_PV ∆Eloss_rete
[KWh]
[kWh]
[KWh]
[kWh]
-3226
-463
-318
-48
(-7.31%)
(-13.5%)
(-0.72%) (-1.39%)
-1046
-180
-88
+149
(-2.37%)
(-5.2%)
(-0.20%) (+4.34%)
-504
+136
-35
+326
(-1.14%)
(+3.9%)
(-0.08%) (+9.51%)
-2665
-424
-225
-21
(-6.04%)
(-12.4%)
(-0.51%) (-0.61%)
-2224
-381
-269
-32
(-5.54%)
(-11.1%)
(-0.61%) (-0.93%)

ESSs can provide reactive control (inverter) and store
the PV production in excess, improving the productivity
of the power plant.

ESS Energy
(% wrt 1 heq of PV plant)

Two alternative approaches are investigated:

ESSs reduce the imbalances:
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ESS Power (% w.r.t. PV size)
10% 20% 30% 40% 50%
8.46 8.46 8.46 8.46 8.46
6.22 6.21 6.21 6.21 6.21
4.91 4.88 4.88 4.88 4.88
3.98 3.91 3.91 3.91 3.91
3.29 3.18 3.18 3.18 3.18
2.79 2.59 2.59 2.59 2.59
2.42 2.07 2.07 2.07 2.07
2.16 1.66 1.66 1.66 1.66
1.92 1.37 1.37 1.37 1.37
1.73 1.10 1.10 1.10 1.10
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