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ABSTRACT 

In the recent years Energy Storage Systems (ESS) have 

been an important topic among DSOs, due to the flexibility 

that it provides to the grid. Aware of this, EDP 

Distribuição (EDPD), the main Portuguese DSO, has 

partnered up with a well-known manufacturer, SIEMENS, 

a research center, INESC I&D, and a local University, 

University of Évora, to install a Medium Voltage (MV) 

Storage facility that is able to work in both grid connected 

and islanding mode with the University secondary 

substation. To achieve this, the MV client University of 

Évora is connected to the grid in such a way as to enable 

both operating modes. The ESS, which contains lithium 

batteries modules, has a rated Power of 472kVA and a 

capacity of 360 kWh. The ESS was built to be modular and 

moveable so it can be installed in other nodes of the grid 

or upgraded with more power and capacity. To improve 

the quality of service of the MV client, EDP Distribuição 

is using a protection scheme that ensures interconnection 

circuit breaker opening whenever a fault occurs in the 

upstream network, thus avoiding outages to the MV client. 

The ESS automatically reconnects to the grid after the 

voltage returns to normal operation values ensuring an 

almost continuous operation. After a long period of 

commissioning tests, where several use cases were tested, 

the ESS system is fully autonomously operating since the 

beginning of 2017. Since then, EDP has been gathering 

more information on the operation of this type of Storage 

System and has been identifying several improvements to 

the initial project to allow a smoother operation. In this 

study, the authors will present the knowledge acquired in 

the last 2 years of experience operating a MV Storage unit 

in the Portuguese grid. During this time, the ESS system 

went into islanding mode for several times due to 

unplanned grid outages, which constitutes a good baseline 

for the ESS behaviour assessment regarding islanding. 

These real cases of successful and unsuccessful islanding 

operation will be the focus of this paper as well as  an 

analysis on the motives for the few unsuccessful cases. 

INTRODUCTION 

Energy Storage System (ESS) have been a trendy topic in 
the Electrical Engineering communities as well as among 
energy utilities due to variety of applications and use cases 
that this type of equipment provides to electrical grids.  
EDP Distribuição has been running its own Energy 
Storage System, connect to the 15kV MV grid of Évora 
region, since it the beginning of 2016 (commission date). 
 
With this project, EDP Distribuição aimed to acquire 
know-how in this technology in integration, operation and 
maintenance of these type of systems. During and right 
after the commissioning phase, extensive studies have 
been performed to ensure the correct behaviour of the 
system, which was already presented and discussed in 
previous papers published by EDPD [1], [2], [3].  
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Figure 1 - EDP Distribuição Évora ESS. 

After several months of tests and procedures the system 
was put into full autonomous service in the beginning of 
2017. As the ESS is remotely controlled via EDPD’s 
SCADA System, it means that all alarms, measurements 
and system and circuit breakers states are available in 
SCADA historical data to be review and analyse. Also, the 
ESS is equipped with SIEMENS digital protection relays 
which allow the recording and storage of disturbance 
records and events that provide vital information on the 
behaviour of the System. 
 
Therefore, all the operational data from 2017 and 2018 
were computed to evaluate the performance of the ESS. 
The results allowed EDPD to assess all the benefits to the 
grid of owning an ESS, the performance in islanding 
transitions and the impact in the quality of service 
experienced by the MV Client associated with the Energy 
Storage System. This paper aims to present the experience 
acquired by EDP Distribuição in operating an ESS.  

SYSTEM DESCRIPTION 

EDP Distribuição Energy Storage System was developed 
in partnership with SIEMENS and its fitted inside a 
container that has the maximum allowed measurements for 
an objected to be moved in Portuguese roads without the 
need for a special permit. The referred container includes 
all the necessary equipment’s to control and monitor an 
ESS and explore islands. It has an air insulated MV/LV 
transformer able to connect to both 15 and 30kV networks, 
a gas (SF6) insulated MV switchgear, 4 inverters and 8 
battery racks (each rack is composed by individual battery 
cells). 
 

Table 1 – ESS Characteristics 

ESS Characteristics 

Rated Power (each Inverter) 472 kVA 

Storage Capacity 360 kWh 

  
Due to the specificity of this project, the ESS was 
developed to work in both grid connected mode and 
islanding operation mode. In grid connected mode the 
system is connected to the MV grid in order to maintain a 
high level of charge (to ensure maximum island duration 

in case of an unexpected outage occurs) and also for 
providing the grid with ancillary services like peak 
shaving. In islanding operation, the system can form a 
microgrid with the Évora University Site. 
 
The ESS can operate as hot or cold standby, as it has the 
capability of performing a black start. Controlling all the 
referred hardware and capabilities is SIEMENS Battery 
Management System (BMS) which acts as the central 
controller of the system. The BMS implements all the 
control operation modes of the inverters and has also an 
innovative, SIEMENS made and EDPD specified, control 
mode which is a hybrid PQ mode.  
 
This hybrid mode, that comes active by default when PQ 
control mode is selected, allows to explore the benefit of 
both control modes, mitigating the limitations of each 
mode. Hybrid mode allows the system to operate in PQ 
mode, when connected to the grid, within a VF dead-band. 
If the dead band is violated, the system will immediately 
activate a VF control mode. This capability is extremely 
useful during grid to island transition as it allows the 
system to sustain the voltage and frequency levels within 
acceptable limits in the transition phase. So, while in PQ 
control mode, if the frequency and voltage are in the dead-
band limits, the ESS controller gives the user the 
possibility to implement the desired P and Q setpoints but, 
as soon as voltage or frequency parameters are out of the 
dead-band limits, the ESS controller automatically 
controls voltage and frequency back to the dead-band 
limits (Figure 2). 
 

 
Figure 2 - Hybrid Mode Dead Band Definition 

Regarding operation modes, the system implements 3 
different modes: a Backup Mode, a Grid Support Mode 
and an Advance User Mode. The Backup Mode, which 
uses the hybrid PQ mode when connected to the grid and 
pure VF mode when the microgrid is formed, is intended 
to ensure the highest probability of successfully forming a 
microgrid with the MV Client, granting that the batteries 
state of charge (SOC) level is enough to ensure, at least, 
30min of microgrid duration assuming the maximum 
client load. With this mode activated, the system will be in 
a stationary situation within a configurable SOC dead-
band, starting to charge at the bottom limit of the dead-
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band (limit for the 30min) and stop charging when it 
reaches the top limit of the dead-band (about 80% SOC).  
In the Grid Support Mode, the System will be evaluating 
the Client and Grid needs continuously and will implement 
a peak-shaving function. In this operation mode, there are 
no upper limit to the SOC, only a minimum SOC related 
to lower limit of battery modules SCO to ensure maximum 
health. 
 
In Advance User Mode, the user, typically the dispatch 
centre operator, can fully control the system and is able to 
give setpoints of P, Q, V and F and change between any 
control operation mode.. 

RESULTS OBTAINED OPERATING THE 

SYSTEM 

To evaluate the performance of the ESS during its 

operational phase in 2017 and 2018 SCADA data was 

used. EDP Distribuição ESS was envisioned to be operated 

in a fully automated mode, disconnecting from the grid 

whenever a fault occurs in the upstream MV line, or in any 

other MV line of Évora Substation, this to improve the 

quality of service of the MV Client, avoiding outages and 

also mitigating voltage dips duration. After any successful 

islanding, whenever the upstream grid conditions are back 

to normal, the system automatically returns to parallel 

connection with the grid. This type of behaviour was 

named as Automatic.  

 

 
Figure 3 - Origin of the command to form a microgrid 

Nevertheless, the system is able to form the microgrid just 

by sending an opening command to the MV grid 

interconnection circuit breaker of the storage container. In 

this situation, the microgrid will be maintained for as long 

as the system is capable, regarding the battery SOC and to 

supply the demanded power by the MV Client. The system 

will only return to parallel with the grid after a closing 

command to the MV grid interconnection circuit breaker 

is sent. 

 

Figure 3 indicates the percentage of islands that were 

attempted in automatic or manual procedures during 2017 

and 2018. 

 

Automatic islands were, as stated before, caused by faults 

occurring in upstream grids and the manual islands were 

due to tests and maintenance but also, due to execution of 

use cases associated with other pilot projects on the 

existent smart grid. 

 

 
Figure 4 - Success rate for both Automatic and Manual 

microgrids 

As one can be observed in Figure 4, the success rate for 

both automatic and manual islands is high. Nevertheless, 

in automatic islanding formations there were some cases 

in which during the microgrid formation or after it had 

been established, the system would trip, ending the island 

and causing an outage to the MV Client. In the manual 

transitions, no such failure was observed.  

 

 
Figure 5 - Current and Voltage waveforms during a 

manual microgrid formation 

One of the main reasons for the higher success rate in 

microgrid formation of a manual mode versus an 

automatic mode are the preconditions to entering in 

islanding operation. In manual mode, the dispatch operator 

has the grid stabilized. This means that the transients 

voltages associated with the microgrid formation are 

almost inexistent and therefore the stability of the island is 

almost immediately reached after the circuit breaker 

opens. The waveforms of a real manual microgrid 

formation can be observed in Figure 5.  

 

For automatic microgrid formations, prior to the opening 

of the interconnection circuit breaker the grid has a fault, 

the voltages and currents may differ widely from the 

nominal values. In these cases, the ESS, after the opening 

of the breaker, must stabilize the voltage quickly enough 

to avoid the tripping of the protection relays. After 
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evaluating all the cases in which the ESS has failed to form 

the microgrid, two essential reasons have arisen.  

 

1. Difficulty of the ESS to recover from an almost 

zero voltage dip – It was observed that when a very 

resistive earth fault occurred, causing the tripping of 

an upstream in-line MV Circuit breaker, the ESS only 

detects abnormal grid condiciotn when the voltage 

reaches zero (after substation feeder CB opens). Only 

in this moment the protections, namely the 

undervoltage function, will pick up and trip after the 

defined time setting. The system has then to form the 

microgrid and start rising the voltage to maintain the 

microgrid. In this specific case islanding transitions 

tend to fail, as the ESS is not fast enough to recover 

the voltage to sustain the microgrid. This problem 

caused the microgrid to fail in the formation period. 

 

2. ESS sensor failures - In some cases, although, the 

microgrid has successfully been formed it fails a 

couple of minutes after. After analysing these 

situations, it was possible to detect that this was due 

to emergency tripping of the ESS caused by wrong 

measurements made by the system temperature 

sensor that was either too sensitive or faulty. Being a 

new system and technology, these problems are 

usually associated with the early stages of the project 

and constitute normal situations.  

 

 
Figure 6 - Current and Voltage waveforms during a 

automatic microgrid formation 

The client´s quality of service in 2017 and 2018 was 

evaluated, comparing the outages that should have affected 

him against the actual outages that existed. 

As can be seen in Figure 7, the client was immune to the 

grid failures in68% of the total outages registered in 2017 

and 2018, which represents a good improvement in the 

Clients perception of its quality of service. As discussed 

previously, one of the reasons for this value not being 

higher was due to some cases where the fault condition did 

not allow for the successful islanding. Other big reasons 

was due to an existent high maintenance period (to solve 

and calibrate some issues that occurred during the 

operational phase of the project) which took longer than 

expected and coincided with the occurrence of outages. 

Yet another reason, although not so frequent, were longer 

than expected outages which surpassed the ESS energy 

capacity (>60min). 

 

 
Figure 7 - Percentage of ESS Upstream feeder failures 

that motivated an outage to the MV Client. 

As can be seen in Figure 8, the percentage of total avoided 

outage time for 2017 and 2018 was around 40%. This 

lower value is justified by one of the outages that affected 

the ESS upstream grid: it was longer than 100 minutes and 

the ESS system was not able to sustain the microgrid for 

that long, thus lowering the percentage of avoided outage 

time.  

 

The percentage of total outage time avoided can be 

represented in non-distributed energy avoided as around as 

600 kWh, with an estimated cost value of around 1800€. 

 

 
Figure 8 - Percentage of the MV Client total outage time 

avoided due to the microgrid formation. 

As can be seen in Figure 9 there is a high overall success 

rate of times in which the system attempted to form a 

microgrid, which indicates that the numbers previously 

presented and discussed can be higher in the long run, 

when the initial setting and optimization of the operation 

is stable. 
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Figure 9 - Success Rate of Microgrid tryouts. 

LESSONS LEARNED 

From results presented in this paper, one can see that 

EDPD was able to acquired as much knowledge as 

possible on ESS connected to the electric grid and operated 

by a DSO and that was able to successfully evaluate these 

systems benefits in improving the quality of service of a 

Client. 

  

Whenever the system could form a microgrid the 

improvements in quality of service was evident, not only 

in avoiding the power outage, but also decreasing the time 

that MV Client was affected by the voltage fault transient 

occurring in the grid, avoiding the MV Client to feel any 

of the consequences of a possible auto-recloser under fault 

as the ESS would only automatically return to parallel 

when the grid conditions were completely stable.  

 

Being a new type of equipment connected to the grid, it 

demanded from EDP Distribuição maintenance and 

operational teams, a huge effort on gaining know-how on 

the necessary procedures. Involving the need of internal 

training in which SIEMENS have given a great support.  

Knowing the costs of running an ESS, the benefits for the 

system and the amount of money saved in comparison with 

the investment made, allows EDP Distribuição to be ready 

to correctly establish the fair price for the usage of Storage 

units in the grid. 

 

The ESS will continue to be used during 2019 where it is 

expected that our results in terms of quality of service will 

improve even more considering the accumulated 

experience gained in the last two years of operation. 

CONCLUSIONS 

Energy Storage Systems are a trendy technology with 

many possible benefits. The ESS project that EDP 

Distribuição has been running in Évora for more than 2 

years now has been proving a fruitful source of 

information on the performance, capabilities and 

limitation of this kind of technology.

In the 2 years that already passed there is already an 

improvement on the quality of service felt by the Client, 

although the operation costs are much higher than the 

benefits measured. For that matter, new application and 

services need to be considered. 

 

Even with acceptable results already achieved, is believed 

that the system may be able to improve the current results 

even further, in terms of improving the quality of service 

in the long run of the project. The data studied and 

analysed does not make yet clear a business case, given 

today’s legislation and energy market arrangements, that 

does not allows a proliferation of ESS owned by the DSO 

in the distribution grid. Nevertheless, the project gives the 

necessary data to estimate a price in the benefits presented 

by this technology. 
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