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 This paper presents various concepts related to the application of a microgrid pilot project 
in a residential condominium at Fortaleza / CE - Brazil, such as battery energy system, 
renewable and distributed generation, islanding recloser and all different units using 
interface based on power electronics. This papers main objective is to create information 
about microgrid operation and the interaction between its main equipment, such as power 
converters, utility energy distribution system and control units responsible for algorithms 
and changes in microgrids operation mode. This information is important for 
understanding the need for a test setup construction. To perform the test procedures, a 
temporary setup in a controlled environment within the microgrid is proposed. During the 
test periods, intentional power outages are required to evaluate the operating mode 
switching on each unit. The test setup described in this paper aims to mitigate the tests 
effects on other residential units inside the condominium.  
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1. Introduction  

Typical electric power systems are known to operate by 
transmitting energy in bulk from large generating plants over long 
distances to large load centers. With the introduction of distributed 
generation and the growing evolution of power electronics for the 
renewable generation sources of electricity, such as solar and wind, 
this scenario of operation has been changing gradually, leaving 
behind the centralized form of generation and becoming now 
decentralized, producing energy closer to consumers [1, 2]. 

In this context, microgrids present a new concept of power 
generation and distribution. Microgrids are utility power grid 
subsystems composed of a set of distributed energy resources, 
controllable electric loads, energy storage elements and power 
control system. Microgrid main characteristic is the ability to 
operate in island conditions, i.e., operate isolated from the main 
electricity distribution grid preserving an energy quality for 
microgrid connected consumers [3-5]. 

In addition to both connected and islanded modes, this 
microgrid, under analysis, presents a third operation mode referred 
to as Maintenance Mode. This operation mode is activated when a 
fault, such as short circuit, happens inside the microgrid, and 
consequently making it impossible to operate islanded. Therefore, 

maintenance mode becomes essential while aiming towards a safe 
microgrid operation. Recent studies [6, 7] also described the 
importance of such mode and its benefits for microgrid operations. 

While in maintenance mode, the microgrid cannot be powered 
by any of its distributed energy resources (DER), i.e., the central 
energy storage (grid-forming power converter) and its internal 
sources of distributed generation (grid-feeding power converter) 
are unable to generate energy. Maintenance mode is also triggered 
with a power distribution company request, followed by command 
from the operation center, due to maintenance in the local medium 
voltage distribution grid, as it is procedure to disable the microgrid 
and ensure a complete absence of power at the condominium 
internal distribution grid. 

To perform real tests of the control system operation mode 
switching and interaction with the equipment, a test setup for the 
pilot microgrid is proposed, aiming to mitigate the impact on 
consumers loads. In this paper, the microgrid project in analysis 
will be presented first and then the proposed test setup and 
procedures. 

2. Microgrid Architecture 

This microgrid under study is located in a residential condominium 
at Fortaleza / CE – Brazil. The condominium is connected to the 
utility through medium voltage grid. 
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The Microgrid is divided into several units according to their 
characteristics and devices. This unit delimitation allows a better 
understanding of microgrid operation. Those units are shown in 
Figure 1. 

 
Fig. 1. Architecture of the real microgrid pilot project. 

The main microgrid units are presented as it follows: 

2.1. Central Energy Storage 

This unit is composed by an energy storage system along with 
its power conversion and control devices. With a storage capacity 
of 105kWh and 250kW of power, this system is able to supply 
power for the microgrid while operating in islanded mode [8]. 
Figure 2 displays a simple electric diagram for this unit. 

 
Fig. 2. Central Energy Storage. 

The central storage system features a lithium-ion battery bank, 
grid-forming power converter, 380/13800 V power transformer, 
switchgear and their respective control and protection equipment. 

During islanded mode, this unit function is to provide power 
for the loads and a voltage reference for all renewable distributed 
generation. While operation at connected mode, this unit is 
recharged and can also be discharged providing grid support 
services.     

2.2. Consumers Units 

Microgrids consumers are the systems main loads. They are 
strategically chosen residential consumers with distributed 
generation resources and some with local storage systems.  

They are subdivided into Participant Consumers and Non 
Participant Consumers. Whilst operating in connected mode, both 
participant and non-participant act as loads for the system. During 
islanded operation, non-participant consumers are disconnected 
through smart meters. Therefore, only participant consumers 
remain connected at microgrid [8]. 

Figures 3 and 4 displays a simplified electrical diagram of 
those participant consumers. They are equipped with demand-
response devices, solar generation, power inverters, smart meters, 
and some units are also equipped with a local storage system. 

 
Fig. 3. Participant Consumers Units. 

 

Fig. 4. Participant Consumers Units with a local storage system. 

2.3. Club Unit 

This residential condominium contains a club with common 
areas for its residents. The Club Unit (Figure 5) is also a microgrid 
consumer, however it has a larger distributed generations, 
composed with 24kWp of photovoltaic panels, as well as 7kW of 
wind generation.  

Like the participating consumers, the Club is endowed with 
controllable loads through the demand-response devices. Another 
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important detail is that this unit is connected at microgrid in 
medium voltage and has its own substation. 

 
Fig. 5. Club Unit. 

2.4. Condominium Entrance 

This unit contains critical loads for condominium security and 
safety functions. Due to this fact, it is equipped with a diesel 
generator as a back-up unit.  

A back-to-back converter is employed as a connection 
interface with the utility grid, allowing for smooth operation during 
power outage scenarios. Furthermore, this diesel generator can be 
used in a microgrid support scheme, relieving the system during a 
utility outage [8]. 

 
Fig. 6. Condominium Entrance. 

This unit also has a solar generation system and controllable 
loads with demand-response devices as shown in Figure 6. 

2.5. Microgrid Connection Unit 

The Microgrid Connection Unit (Figure 7) consists of a 
medium voltage recloser and a set of control equipment for an 
energy outage detection in the distribution system, coordination of 
islanding and microgrid reconnection to the distribution system. 

This unit is responsible for controlling the microgrid operation 
mode changes by informing other control units. It is also the 
communication interface with the utility grid SCADA 
(Supervisory Control and Data Acquisition) system. 

 
Fig. 7. Microgrid Connection Unit. 

3. Microgrid Test Setup 

In order to validate microgrid safe operation during its 
transitions through connected, islanded and maintenance modes, a 
power setup is proposed for conducting systemic tests (Figure 8). 

The premise of this setup is to use the Club Unit area for real 
islanding, synchronization and reconnection microgrid tests. Since 
the Club Unit has a medium voltage connection, which is 
independent from the other condominium derivation line, any 
power supply interruption inside this area will not affect other 
microgrid units, reducing the inconvenience for all condominium 
residents.  

As mentioned before, the Club unit has a larger amount of 
distributed generation and controllable loads. That can be used as 
a controlled test environment by simulating the residents homes 
energy consumption and generation. Thus, real tests of operation 
mode switching can be conducted in a safe way using the Club unit 
infrastructure. 

In connected mode, the utility grid supplies the power for the 
loads and sets a voltage reference for the power electronics 
equipment of the generating units. The Central Energy Storage 
behaves like a grid-feeding power converter in this mode, only 
providing utility grid support when requested.  

3.1. Islanding Tests 

For islanding tests, the Microgrid Connection Unit (① in 
Figure 8) detects an outage in the distribution system due to under 
voltage protections. It then proceeds to disconnect the microgrid 
from the utility and sends a command to the Central Energy 
Storage, requesting a change in its mode of operation. The use of 
the temporary recloser (② in Figure 8) installed in the test setup 
input derivation is essential, in order to simulate an outage 
occurring when an intentional opening of this equipment is 
performed.  

After disconnecting and receiving the command from the 
Microgrid Connection Unit, the Central Energy Storage operates 
as a grid-forming power converter, assuming the role of the main 
power supply of the microgrid and providing voltage reference for 
the generation interfaces. 
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Fig. 8. Actual setup and Microgrid test setup. 

3.2. Reconnecting Tests 

When reconnecting the microgrid to the utility grid, the 
temporary recloser (② in Figure 8) is closed simulating the utility 
grid stable return after an outage. 

The Microgrid Connection Unit detects the energy utility 
supply return while the Central Energy Storage synchronizes with 
the utility voltage reference. Microgrid is only reconnected to the 
main electricity distribution grid after synchronization is achieved. 

Before the microgrid is connected to the utility grid, some of 
the indicators and parameters need to be checked, and the best time 
to close static switch should also be judged. This process is very 
important that can prevent the dangerous of transient phenomena 
during connecting the microgrid to utility grid. The good time to 
close the switch is when the voltage across the switch has to be 
very small (ideally zero), and the grid's frequency is higher than 
the microgrid's frequency. Because the current flowing through the 
switch is minimum, and the power flow direction is from utility 
grid to the microgrid in such a situation.  

A safe and reliable grid-connection process will require to meet 
the following three conditions: a) the voltage through the static 
switch must be very small. b) microgrid operating frequency must 
be slightly smaller than the grid frequency. c) utility grid voltage 
must be ahead of the microgrid voltage [9]. 

3.3. Maintenance Tests 

Maintenance mode is also tested in this setup with a request 
through utility operation center command. In such case, it must be 
verified that the Central Energy Storage is disconnected from the 
grid, not powering the microgrid when necessary. 

Another advantage for this test setup is that all equipment 
employed will be used in the final installation. In this procedure it 
is possible to test the interaction between connected equipment in 
medium voltage, control system and power electronics interfaces. 
In addition, the Central Energy Storage is tested at its final 
installation place allows for other control and protection details to 
be verified. 

4. Conclusions 

In this work, the microgrid architecture on a pilot project at a 
residential condominium is presented, along with its main units, 
equipment and components according to its functionalities and 
technical characteristics.  

Through the proposed test setup it is possible to obtain 
performance indicators on microgrid operating mode transitions 
and grid-forming power converter, as well as the integration 
between the control and protection equipment. 

With the test setup execution, all operation modes shall be 
validated, along with transitions among them. The test results will 
improve the teams acknowledge around a correct microgrid 
functioning and a validation of its infrastructure and equipment. 
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