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ABSTRACT 

The first Electric Storage System connected to the MV 
Italian distribution network has been activated during 
2012 by Enel Distribuzione. 
The installation is based on a lithium-ion battery solution 
by Siemens AG; the rated power is 1 MVA and the energy 
capacity is 0.5 MWh. 
This paper presents the results of site acceptance tests 
(evaluation of the efficiency, consumption of the auxiliary 
services etc.) and the performances observed in the first 
year of operation, with a particular focus on “Black 
Start” application. 

INTRODUCTION 

Since Energy Storage Systems (ESS) are fundamental 
components of Smart Grids, Enel Distribuzione (ED) is 
working on several pilot installations in Italy. 
The first one was completed in December 2011, as part of 
the Isernia project. It is also the first Siemens (SIE) 
installation (SIESTORAGE) built up according to ED 
requirements and suggestions. 
 
Isernia project was born replaying to a call issued by the 
Italian Regulator (AEEG) promoting innovative solutions 
for a secure and reliable operation of active distribution 
networks. One of the scope of the project was to increase 
the hosting capacity of the network with reference to 
Distributed generation (DG).  
The area taken into consideration for the project is the 
medium voltage network fed by a busbar of the HV/MV 
substation “Carpinone” (Isernia – Molise Region – Italy), 
impacting on 8000 LV customers, 26 MV customers (9 of 
them are renewable power plants). 
 
ESS is part of a complex MV node including: 
-  several charging stations for electrical vehicles 

(EV); 
-  the ESS (1 MVA – 500 kWh) ; 
-  a photovoltaic (PV) power plant (50 kW peak); 
-  a control system integrated with Enel Distribution 

Management System (Enel DMS). 
 

Therefore ESS is located in the deep of the MV network 
in correspondence of a MV/LV substation and the 
functions that can be applied refer to: 
-  optimization of the complex node taking into 

account the PV power plant, the recharging station 

and the load of some supplied customers; 
-  voltage regulation using active and reactive power 

exchanges between the node and the feeder; 
-  black start of a portion of the MV network isolated 

from the main feeder acting on a suitable switch. 
 
More information about the Isernia project can be found 
in [1]. 
 
In the following, the main characteristics of the 
SIESTORAGE – ESS are firstly described. Then 
performances registered during the site acceptance tests 
(SAT) are reported and black start (BS) tests are 
presented. 

THE ESS MAIN CHARACTERISTICS  

The ESS installation (figure 1) is based on Lithium-Ion 
batteries (Lithium transition metal oxidate), interfaced to 
the network via a set of grid-tied inverters. 
 
The main characteristics are: 
-  1 MVA of max power (rated power in normal 

operation is 750 kVA); 
-  500 kWh of energy capacity; 
-  2000 cycles of operational life;  
-  85% of energy efficiency (one complete cycle); 
-  90 m2 of installation area. 
The installation is consists of 3 blocks: battery container, 
transformers box and control box (figure 1). 
The battery container contains (figure 2): 
-  20 Lithium-Ion battery racks, each rack is composed 

by 14 Lithium-Ion batteries, series connected; 
-  20 grid-tied three-phase inverters; each inverter is 

directly fed by one battery rack, and has 220 V line-
to-line output voltage; 

-  LRC tuned filters to avoid harmonic pollution. 
 

The transformer box contains (figure 2) 2 three-windings 
three-phase transformers; the primary winding is 
connected to the ED 20 kV primary distribution grid (the 
delivery point is in the control box), each secondary 
winding is connected to five inverters. 
The control box contains 2 areas: 
-  the MV and the LV delivery points, the first one is 

for main power exchange, the second one is for 
auxiliary services; 

-  the control room. 
ESS is also capable to perform the so-called black start: 
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this is a function that allows to energize a limited portion 
of the MV network in case of a lack of the main. 
 

 
Figure 1: The ESS installation in Isernia 

 

SOME RESULTS OF THE SAT 

In this chapter the followings tests will be presented: 
-  energy efficiency; 
-  accuracy of the response with respect to the setting 

received in input through the control interface; 
-  harmonic emissions; 
-  consumption of the auxiliary services. 

Energy efficiency 
The energy efficiency related to one full cycle is the ratio 
between the energy absorbed from the network during the 
recharge phase and the energy returned to the network 
during the discharge; to avoid the effect of auto-
discharge, the discharge was done immediately after the 
charge. 
The first test was done during the SAT with half ESS 
capacity and rated power for charge and for discharge; 
this combination was relevant for ED, because it is 
expected that for the foreseen applications, so ESS will 
work frequently in this conditions. 
 

The results of the test are: 
-  286 kWh absorbed from the network; 
-  242.48 kWh returned to the network; 
that means 84.78% of efficiency. 
 
The test was repeated after 6 months of operation, 
obtaining these values: 
-  291.6 kWh absorbed from the network; 
-  248.9 kWh returned to the network; 
that means 85.37% of efficiency. 
 
Other tests was done during the year with different 
combination of power and energy; the results were 
always satisfying. Efficiency was over 80% also in case 
of small values of the rated capacity (i.e. 10% ) and 
charged/discharged power and for any values of 
charged/discharged energy. 
So, the cycle energy efficiency was stable during all the 
year for several operating conditions. Further tests will 
investigate the behaviour of the system efficiency in 
relation with the performed cycles. 

Accuracy of response 
By local control interface several operational points 
(active and reactive powers) were imposed, comparing 
the real output settings by means of external meters.  
 
Table I shows the results of one of the first test sessions, 
where a positive P means ESS in charge and a positive Q 
means ESS with capacitive behaviour. 
As clearly shown by the table the higher errors occur in 
correspondence of low value of P and Q. This behaviour 
is due to the effect of the transformer losses, considering 
that the regulator acts on the LV side of the system 
(points B, C, D and E in figure 2). This effect could be 
compensated only by a predictive calculation of the 
losses and consequent correction of the outputs. 
Works are in progress in this direction. 
 

 

 
Figure 2: The ESS structure 
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Table I: Accuracy of response compared to the input received by the 
control system 

P [kW] 
imposed 

Q 
[kVAr] 
imposed 

P [kW] 
meas. 

Q 
[kVAr] 
meas. 

� P [%] � Q [%] 

250 20 249,9 22,7 0,04 13,5 

-250 -250 -250,2 -240 0,08 4 

50 -400 49,3 -391,4 1,4 2,15 

-50 500 -46,6 496,2 6,8 0,76 

500 -200 499,6 -206,8 0,08 3,4 

-500 -250 -507 -236,2 1,4 5,52 

500 300 485,6 297,4 2,88 0,867 

50 600 44,2 596,7 11,6 0,55 

250 600 236 594,8 5,6 0,867 

-760 0 -756,9 17,5 0,408 NA 

760 0 756,8 -8 0,421 NA 

 

Harmonic emissions  
The LRC tuned filters have been designed to ensure the 
compliance with the limits stated by EN 50160 and IEC 
61000 standard family. 
However, a power quality analyzer (class A according to 
IEC 61000-4-30) has been installed (point A in figure 2) 
to continuously monitor the power quality of the ESS 
energy. 
 

 
Figure 3: THC registration during a test 

 
One year monitoring shows that the total harmonic 
current (THC) is normally quite low, around 0.5 A in 
most of the conditions; the three phase currents have also 
a good symmetry. In case of low currents (figure 3) an 
abnormal increase of the THC has been observed (about 
2 A). This phenomenon is under investigation, even if 
this value is absolutely under the standard limit, the levels 
of the single harmonic component could overcame theirs 
thresholds; the preliminary results show that the higher 
contribution comes from the low order harmonics ( < 11° 
order) where the limits are more relaxed, so no violations 
was observed before to now. 

The value of THD of voltages is absolutely negligible 
(see also the chapter about BS). 

Consumption of the auxiliary services 
ESS auxiliary services are necessary for ESS control and 
monitoring system, motorized switches, lightening and 
mostly for the heating, ventilation air conditioning system 
(HVAC). In fact the batteries need a specified 
temperature range to operate properly: the temperature 
setting of the battery container is 25°C. 
The HVAC is the main contributor to the auxiliary 
services energy consumption. During October the 
external temperature was very close to 25°C and 
therefore the lowest consumption was registered in this 
month: 
-  102 kWh of average daily consumption; 
-  218 kWh of daily peak consumption. 
During July (the hottest period of the year) and February 
(the colder one) the consumptions were similar: 
-  211 kWh of average daily consumption; 
-  330 kWh of daily peak consumption. 
The auxiliary services consumption in this first 
installation is quite high, therefore for future installations 
a significant reduction of these values is possible thanks 
to the new design of SIESTORAGE. 

BLACK START TESTS 

The BS was accurately simulated in Enel laboratories 
using a real time digital network simulator before the 
field test in Isernia. 
More details about these simulations can be found in [2]; 
where three BS situations have been dynamically 
analyzed: 
-  mechanical parallel black start (MPBS); 
-  voltage ramp black start (VRBS); 
-  voltage step black start (VSBS). 
In this chapter, only the MPBS field test will be 
presented, taking into account the simulations results in 
[2]. 
In this case ESS circuit breaker (point A in figure 2) is 
initially opened and the inverter regulator increases the 
output voltage until it reaches its rated value. After this 
“preenergizing” operation, the ESS circuit breaker is 
closed in order to supply the selected portion of the MV 
network. 
This network portion is showed in [2]. 

Currents and voltage dynamics during BS 
The BS transient impacts both currents and voltages as 
clearly shown in [2] and the real field test confirmed the 
simulations, particularly with respect to the currents 
(figure 4). The transient duration was about 2 seconds. 
The required power to supply the involved network was 
about 90 kVA, that means a current of 2.5 A (7 A peak to 
peak) but immediately after the closing of the breaker in 
A, the peak to peak current was about 60 A (more than 8 
times the peak to peak steady state current). Moreover a 
strong unidirectional component (figure 4), dissymmetry 
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and distortion were present (figure 5). 
 

 
Figure 4: Waveform of I1 and I3 currents during BS (first second) 

 
This behaviour is due to in-rush phenomena caused by 
the transformers saturation produced by the fast voltage 
variation in the inverter side (low voltage windings). In 
particular, the two ESS transformers and 5 MV/LV 
transformers were present. 
With reference to the voltage, the results were better that 
the expected ones [2], the under/over voltage was 
practically absent, also the symmetry of the wave was not 
practically affected and just the distortion slightly 
worsened. This is because the installed voltage regulator 
is strongly better than the simulated one. 
The voltage was continuously inside the limits EN 50160 
(see also next paragraphs), giving no impact to the 
customer devices. 
However, according to [2], works are in progress to 
implement also the VRBS; that can eliminate the in rush 
phenomena maintaining the same performances in the 
voltage behaviour. 
 

 
Figure 5: Waveform of voltages and currents during BS (firsts 250 ms) 
 

Harmonics emissions during BS 
The harmonic emissions have been analyzed during the 
entire BS and also during the islanding operation, with 
the same meter already mentioned (the integration period 
is 60 seconds). 
Analyzing the period after the BS transient, the voltage 

and current THD are as expected. 
The THD of voltages (figure 6) was more or less the 
same registered during the SAT in correspondence of 2.5 
A of fundamental current. 
 

 
Figure 6: THD of V12 registration during and after black start 

 
In the first minute (that include the BS transient), the 
THD of voltages was around 4.5% (figure 6); absolutely 
inside the limits but greater than the values registered 
during SAT (3 %). The THD of currents was stable 
around 13% (figure 7). 
During the BS transient, also the equivalent impedance of 
the network is perturbed, so the same currents harmonics 
producing different effects on voltages. 
 

 
Figure 7: THD of I1 registration during and after black start 

CONCLUSIONS 

The preliminary trials on SIESTORAGE – ESS produced 
a lot of interesting data, very useful for Enel 
Distribuzione in view of the further applications on 
Italian territory. 
Siemens is taking advantage of this results to continue the 
development of this new kind of equipment. 
In particular, the black start test is very important in the 
future vision of a microgrid management system, able to 
maintain an islanded network. 
Next steps will be use of ESS for voltage regulation and 
optimization of a complex MV node. 
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