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ABSTRACT 

Grid reliability, power quality and loss reduction have 

always been considered hot topics among electrical 

utilities. More recently, other topics have emerged, like 

flexibility, resilience, demand-response and self-supply 

needs. 

 

Motivated by the new challenges, EDP Distribuição 

(EDPD) installed an Energy Storage System (ESS) earlier 

in 2015. Since then, EDP and its partners established 

protection schemes to apply on the ESS and studied the 

ESS operating in islanded and grid connected modes, 

concluding that the capabilities and potential of the ESS 

allowed to improve client quality of service. 

 

This article aims to describe EDPDs acquired experience 

on another important topic regarding ESS functionality: 

voltage and frequency synchronization to promote 

enabling and disabling the microgrid without 

compromising quality of service. 

INTRODUCTION 

Electrical Energy Storage (EES) is currently a popular 
state-of-the-art topic among DSOs. Such storage can 
improve the integration of variable renewable energies, 
improve the customers' energy security and facilitate self-
production and consumption. 
Within this context, the Portuguese DSO, EDP 
Distribuição, established a partnership with Siemens and 
the University of Évora, to implement, test and execute a 
pioneer Energy Storage project. A medium-voltage 
(15kV) storage facility has been installed at Évora 
University (in Valverde) and is today capable of working 
in both grid-connected and microgrid mode, providing 
various types of services to the grid. 
 
Additionally, within the scope of the SENSIBLE project, 

different types of low-voltage small-scale energy storage 

units were integrated into buildings and communities in 

Valverde, close to the ESS. 

 

Figure 1 – EDPD MV Energy Storage System. 

The integration of different storage techniques in a single 
location provides a test bed to better understand the 
behavior of the grid within different scenarios. 
 
Figure 2 depicts the micro distribution grid deployed at 
Valverde and its interconnection to the MV grid. 
 

 
Figure 2 – Single Line Diagram of the micro distribution 

grid of Valverde (Évora) (Adapted from [1]). 

 
The left branch represents the DSO´s transforming 
secondary substations (DT1 and DT2 - Distribution 
Transformers) that feed the low-voltage residential clients 
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of the village. The LV Storage is connected to the DT1.  
The right branch represents the MV Storage integrated in 
the MV grid [2]. The University´s secondary substation 
and transforming point (named CT – Client Transformer), 
which is connected to the ESS, is depicted in green. The 
four numbered blue squares represent the remotely 
controllable circuit breakers (C.B.) and the recloser, which 
are permanently visible and operated from the MV 
dispatch center. From the ESS perspective, C.B. 2 is 
responsible for the transition from connected to islanded 
operation of the ESS with the MV client secondary 
substation, situation already addressed in [1]. C.B. 3 
connects the Évora University to the ESS. 
 
To ensure a safe operation of this new type of asset, EDPD 

developed and implemented a protection scheme to apply 

within the ESS which allows the system to operate in 

island or in grid connected modes [6]. 
 
The interconnection between the Valverde microgrid and 
the upstream grid – supplied by the primary substation 
(60/15kV) of Évora City – is performed using a remotely 
controlled automatic recloser (OCR3) (Figure 2 – Single 
Line Diagram of the micro distribution grid of Valverde 
(Évora) (Adapted from [1]).Figure 2– square 4), which is 
responsible to connect and disconnect the MV microgrid 
from the MV grid. 
 
Promoting a stable and reliable disconnection / 

reconnection between the ESS and the upstream grid is 

essential to fully explore the flexibility and grid support 

functionalities the ESS can offer (e.g. peak-shaving, 

voltage support, frequency regulation, among others [7]). 
 
The remainder of this article will describe the role of the 

recloser and its voltage and frequency synchronization 

functionality which should ensure enabling and disabling 

the microgrid without compromising quality of service. 

The island operations were already addressed previously, 

for both the Évora University (Islanded MV Client Mode), 

DT1 and DT2 (Islanded Microgrid Mode) [1].  

 

ESS / MV INTERFACE – 

SYNCHRONIZATION CHECK 

FUNCTIONALITY  

As mentioned, the interface between the ESS and the 

upstream MV grid is ensured recurring to an OCR3 [3], 

[4], [5]. Until recently, these reclosers were broadly used 

in our MV grid as circuit breakers with full protection and 

reclosing functionalities (e.g. isolate faults). However, 

with the growth of Distributed Energy Resources (DER) 

penetration in distribution grids, synchronism check 

functionalities require further attention.  

 

 
Figure 3 – OCR3: Remotely controlled automatic recloser 

during commissioning stage - Interconnection between the 

Valverde microgrid and the upstream grid. 

The lack of synchronism between both sides of the OCR3, 

may seriously compromise power system stability when 

the OCR3 closes. Hence, synchronism and voltage check 

functionalities were introduced into the OCR3 installed at 

the Valverde microgrid. 

 

Operating Method 

To enable a reliable and stable re-connection between the 

ESS and the upstream grid, the recloser must verify 

synchronism conditions. Hence, this device was equipped 

with synchronism and voltage check functions with 

independent parameterizations for manual and automatic 

circuit breaker close commands. 

 

When a close command is issued, the OCR3 has a voltage 

check function that verifies if the upstream and 

downstream networks are energized; if so, the 

synchronism check mode, which analyzes synchronism 

conditions, is activated. This analysis includes a 

verification of the magnitude, phase angle and frequency 

difference between the up and downstream voltage signals, 

which must be within pre-defined tolerances. If 

synchronism conditions are obtained, the equipment can 

be closed without harming the system. 

 

Two operating modes were considered: 

-Manual Mode: The synchronization check function 

is disabled. In this instance, the operator is responsible 

to ensure the safety close conditions. 

-Automatic mode: The synchronization check function is 

enabled. 

 

When operating in automatic mode, voltage signals from 

both sides of the recloser (upstream and downstream) are 

continuously monitored and compared against predefined 

thresholds, to determine if the respective side of the 

recloser is energized (live) or not (dead). Hence, four 
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different use-cases are considered: 

 

-Live-Live; 

-Live-Dead; 

-Dead-Live; 

-Dead-Dead. 

 

For each use case, the close order is “released” if the 

corresponding conditions are stable during a pre-defined 

period. 

 

As the OCR3 will be the frontier between two independent 

energy sources, Live-Live is the most important use-case 

to consider in the scope of this project. 

 

Settings 

 

The general settings of the synchronism and voltage check 

functionality at the recloser are summarized in the 

following table. 

 

Table 1 –Synchronism and Voltage Check Settings. 

Dead Voltage Threshold < 3kV 

Live Voltage Threshold > 12 kV 

Confirmation Time 50 ms 

Close Command Release Timeout 10 s 

Maximum Voltage Mag. Difference 3 kV 

Maximum Frequency Difference 0.2 Hz 

Maximum Phase Angle Difference 10 ° 

 

TESTING THE SYNCHRONIZATION CHECK 

FUNCTIONALITY 

This chapter describes the tests performed to evaluate the 

synchronism check functionality. The following steps 

were executed: 

1. Islanded mode established (tripping the OCR3); 

2. LV storage was connected (3 minutes after); 

3. After 40 minutes, the MV microgrid was 

integrated into the upstream grid (closing the 

OCR3). 

Microgrid establishment 

 

Regarding the establishing of Islanded Microgrid Mode 

we aim monitoring the system’s behavior, by tripping the 

OCR3 (CB 4). This mode is composed by 1 MV client and 

242 LV clients, supplied by two secondary substations 

(Figure 2). The clients within this microgrid will be 

supplied by the MV ESS and LV energy storage units. 

 
Figure 4 – Microgrid establishment (OCR3 tripped – 

CB4). 

To check this, the protection relay associated to circuit 

breaker 2 was disabled and the settings associated to the 

protection relay of the circuit breaker 1 were maintained. 

With this configuration, the microgrid protection was 

granted by the relay in square 1. This test does not consider 

the LV storage connected. 

 

After tripping the OCR3 and manually activating V/F 

mode, the microgrid was successfully established. 

However, a 200ms pickup of the under-frequency 

protection occurred as soon as the OCR3 tripped. This 

behavior was expected, it is related with the time the 

system needs to recover the frequency[1].  

 

 
Figure 5 – Under-frequency pickup after OCR3 tripping. 

 

ESS to Grid (Live-Live) 

 

The goal with this test is to evaluate the system’s behavior 

when connecting the ESS to the MV network. 

 

Eight attempts to close the OCR3 were performed, but 

only one with success. The first 7 attempts to close the 

OCR3 failed due the lack of synchronism conditions 

between the ESS and the MV grid. 
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To successfully close the OCR3, a small frequency 

adjustment had had to be made at the ESS. After that, 

synchronism conditions were achieved during a short 

period of time and the connection was made without 

compromising system stability (no pick-ups were detected 

at the protection systems involved). 

 

The following figure illustrates the commands performed 

and the synchronism achievement.    

 

 
Figure 6 – OCR3 behavior when a manual close command 

was given. If the synchronism conditions are not verified 

within 10 seconds after sending the close command the 

OCR3 reports timeout. In the second command illustrated, 

the synchronism is only obtained 7 seconds after sending 

the close command. 

CONCLUSIONS 

The tests performed allowed to successfully connect and 

disconnect the Valverde microgrid from the MV grid, 

without inducing stress in the electric system. 

 

This was possible recurring to a synchronism and voltage 

check functionality implemented at a pole mounted 

remotely controlled recloser which was maneuvered 

successfully after synchronism conditions were met. 

 

However, finding synchronism conditions was not 

straightforward: 

-Adjustments to the frequency settings of the ESS had to 

be performed manually; 

-Several close attempts were needed before closing the 

OCR3 successfully. 

FUTURE WORK 

Regarding the tests of the synchronization check 

functionality, even though the OCR3 was successfully 

closed without introducing any further stress to the system, 

there are situations (e.g. where frequency match conditions 

are far from ideal) where the close command timeout 

expires. In these situations, it may be necessary to 

manually adjust setpoints of the ESS to facilitate 

synchronism conditions. 

 

Hence, one of the next steps of this project, would be the 

development of automatic mechanisms that introduce fine 

adjustments to the setpoints of the ESS, to ease the 

connection with the grid. This functionality will be crucial 

in a scenario of proliferation of ESS systems. Additionally, 

such mechanisms will be essential to speed grid support 

functionalities provided by energy storage systems. 

 

Another improvement is providing further intelligence to 

the ESS system. Whenever there is a grid fault, the system 

should autonomously analyze if it is safe to establish one 

of the islanded modes, the so-called self-healing 

capability. If the OCR3 has detected the fault, the system 

should try to establish the Islanded MV Client Mode. If the 

OCR3 has not detected the fault and has no upstream 

voltage, an Islanded Microgrid Mode should be 

established. 

 

For future purposes, it would be interesting to analyze the 

integration of the MV ESS with the LV ESS in the same 

feeder. 
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