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ABSTRACT 

 Microgrids are considered as one of the most promising 

directions for the future of power systems. A major point 

in the characterization of a Microgrid is its ability to 

operate isolated from the main grid (islanded mode). 

However, the management strategy to allow such 

operation still poses a significant challenge in the 

implementation of these systems. The focus of this work is 

the behaviour of the distribution grid of a large-scale 

residential building during grid-connected and islanded 

modes, especially in terms of the control strategy to 

maintain a stable and uninterrupted supply of electricity.  

We developed a platform for simulating a DC Microgrid’s 

(DCMG) long-term operation using a PSCAD model. This 

model allows for the simulation of a residential DCMG, 

targeting its energy management to maintain power 

balance under various conditions, including during 

islanded operation. This work discusses the control 

strategy used to maintain the voltage level at the 

distribution bus within a 5% limit of it’s rated value. For 

a theoretical building, the model yielded 2 hours of 

unlimited supply, and extra 4 hours of critical-load only. 

The results indicates that the proposed control strategy 

allows for adequate independence and stable operation 

during loss of grid connection. 

INTRODUCTION 

With the growing penetration of building integrated 

photovoltaic generation (BIPV) and battery energy storage 

systems (BESS), the case for a DC Microgrid (DCMG) in 

residential large-scale buildings builds a strong claim. A 

Microgrid based approach in this context can help mitigate 

issues with distributed generation, localization of energy 

storage and grid reliability, among others. In this paper, we 

discuss the implementation of a DC Microgrid model 

using PSCAD X4 v4.6 and the results obtained from a 

series of simulations aiming to showcase the behaviour of 

this Microgrid during various conditions. A strong focus 

on managing the operation of this Microgrid was 

considered while performing these simulations. The goal 

of this paper is to describe the simulations used to 

showcase how the DCMG behaves during operation while 

connected to the distribution grid, and during the times in 

which this connection is lost – islanded operation mode.  

 

No considerations on the grid topology within the building 

were taken into account, as this simulation aims to focus 

on the operation of the Microgrid in terms of its energy 

balance. As such, a strategy was developed to maintain 

such energy balance, managing generation, storage and 

distribution grid accordingly. Methods for curtailment of 

the generation or load shedding at times of islanded 

operation were also developed and are discussed further in 

this work. 

 

The operation of the DC Microgrid should be such that the 

central DC bus voltage 𝑉𝑏𝑢𝑠 is kept within certain limits. 

The DC bus is the point in the Microgrid in which all 

generation, grid, load and storage components are 

connected, and therefore the voltage at this point is 

influenced by the actions of all these components. The 

building should have its bus voltage maintained in all 

operation modes, be it in grid-connected or islanded 

operation. Further details on the control strategy of the DC 

MG are given in the following section. 

 

The main bus voltage 𝑉𝑏𝑢𝑠 was set to be maintained within 

a 5% limit, and serves as the control variable for the 

Voltage Control Loop strategy with a PI controller 

designed for all DC components of the system. No digital 

communication link (DCL) was established between any 

component of the Microgrid, with the DC bus voltage 

being the only variable allowing communication and 

control of the system. The priority of operation was 

proposed as hierarchical, with the parameters of the 

associated controller dictating the order of operation of 

each component. In this setup, the Battery Energy Storage 

System (BESS) was defined as the fastest component to 

react, followed by the Building Integrated PV (BIPV) 

module, the Electric Vehicle Charging Station (EVCS) and 

lastly, the emergency procedures, such as load shedding 

and curtailment in production. The basic structure of the 

model is shown in Figure 1. A simulation period of 24h for 

a winter day was chosen to study the adequacy of this 

model and control strategy. In the following sections, we 

proceed by describing the control strategy used in the 

simulations for this Microgrid. We follow this paper with 

a brief discussion on individual components’ models and 

proceed to showcase the results obtained from the 

Microgrid’s simulations. Finally, we present a summary of 

the conclusions obtained from these simulations and 

further comments on the proposed model. 
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CONTROL STRATEGY DESCRIPTION 

The main objective of the control scheme in our DC 

Microgrid is to maintain the common DC bus voltage [1]. 

A very popular method that doesn’t involve digital 

communication links (DCL) is through Droop control, as 

in [2]. This technique is based on adding a virtual 

resistance to the control loop to provide damping, and 

allowing different components to have different levels of 

influence in the Microgrid’s bus voltage, yielding an 

effective proportional load sharing between each 

component.  

The usage of a DCL to perform a centralized control in a 

DC Microgrid allows for a very accurate control and 

operation in terms of power balancing and optimization. 

However, it also offers some disadvantages – namely the 

need for a centralized aggregator, and the establishment of 

communication links between each entity present in the 

system. For a residential application, this added 

complexity is not essential, as a decentralized control 

scheme can be implemented with a similar level of 

effectiveness. We therefore opt to implement a 

decentralized control scheme, in which every component 

in the grid has its own control, and no digital 

communication is performed. Instead, the communication 

comes in the form of the Microgrid parameters – in this 

case, the DC bus voltage 𝑉𝑏𝑢𝑠 – that is seen equally by all 

entities in the DCMG and used as a control variable. We 

can describe the power balance in the DC Microgrid as in 

Equation I for all times in the simulation. 

ΣPPV  +  ΣPBESS  +  ΣPgrid –  ΣPloads  =  0 I 

Equation I indicates that there must be a balance between 

the power injected from the BIPV (𝑃𝑃𝑉), the grid (𝑃𝑔𝑟𝑖𝑑) 

and the BESS (𝑃𝐵𝐸𝑆𝑆), and the power required by the loads, 

𝑃𝑙𝑜𝑎𝑑𝑠. 𝑃𝐸𝑉, the instantaneous power requirement for the 

electric vehicles connected to the DCMG can be 

considered as part of 𝑃𝑙𝑜𝑎𝑑𝑠 or 𝑃𝐵𝐸𝑆𝑆, depending on the grid 

status. As such, it is not explicitly shown in Equation I. As 

the maintenance of the power balance in the Microgrid 

indicates a stable voltage level in the DC bus, this variable 

can be used as the measurement of the stability of 

operation of the Microgrid. Using this parameter, a 

hierarchical control can be proposed as in [3]. This strategy 

is based on the idea that each component connected to the 

DC Microgrid acts within a certain order of priority to 

maintain 𝑉𝑏𝑢𝑠 within its limits. 

The priority in which the components actuate in the DC 

bus voltage can be implemented through different 

methodologies. Droop Control [4], Current control 

associated with a Voltage control loop [3] or just the 

Voltage control loop are examples of possible control 

methods. The latter was the chosen one in this 

implementation due to its simplicity of operation and 

effectiveness for a DC Microgrid.  

Priority of Operation 

The priority of operation of each component of the DC 

Microgrid is the main aspect of the power balance 

management, and the principal aspect of this section of the 

report.  

 

It was defined that the fastest component would be the 

Battery Energy Storage System. That is, the BESS would 

be the first to react to all changes in the DC bus voltage. 

This was chosen to try and improve the building’s grid 

independence. When we have excess power being injected 

into the Microgrid from the BIPV, we want it to be directed 

towards the battery system and not to be exported to the 

distribution grid. Hence, during times of 𝑃𝑃𝑉 > 𝑃𝑙𝑜𝑎𝑑𝑠 , the 

BESS acts also as a load, absorbing this extra generation. 

When it is fully charged, the excess power can then be 

diverged to another component block. Alternatively, when 

the bus voltage falls below 1 p.u., meaning a power 

shortage in the DCMG (a loss of distribution grid 

connection and no PV generation), we want the BESS to 

act and serve as a backup system, supplying the necessary 

power demand. 

 

Figure 1: Control scheme for all components in a DC Microgrid model for a residential building 
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The second component in order of priority is the BIPV 

block. It acts in MPPT mode when the generation is lower 

than the customers’ demand. Once 𝑃𝑃𝑉 reaches a higher 

value than the loads (and thus 𝑉𝑏𝑢𝑠 increases to more than 

1 p.u.), it becomes the responsible for maintaining the bus 

voltage. It is the primary energy source in the system, the 

one that has the priority to feed the customer loads.  

 

The next component to act in the DCMG is the EV 

charging station. When there is excess power in the system 

and the BESS is fully charged, this generation is diverged 

towards the EVs. This was purely a design decision, as the 

BESS backup system was given priority over the electric 

vehicle charging. When 𝑉𝑏𝑢𝑠 is decreasing as a sign of 

imbalance on the power equation, the connected EVs’ 

remaining charge is used as a secondary backup system.  

 

Lastly, the distribution grid block exerts its influence on 

the DC bus voltage through supplying or absorbing the 

needed power to balance Equation I. The grid was decided 

to be the last acting block in order to maintain the building 

as independent as possible for the case of any islanded 

operation. Since the backup system in the BESS and in the 

EVs only acts during islanded operation (again, a design 

decision and variable parameter for the simulation model), 

the grid supplies power to the loads when the PV 

generation is not enough. When this generation surpasses 

the demand, the distribution grid imports power only when 

both the BESS and the EVs are fully charged.  

 

When there is no alternative in the active control of the 

MG components to maintain 𝑉𝑏𝑢𝑠 within its limits, the  

load shedding or generation curtailment is also possible. 

These are also implemented in the Microgrid’s model and 

are taken into account in Simulation III. 

SIMULATION RESULTS 

Simulation I : Grid Connected Mode 

The first simulation case is the normal operation of the 

building’s DC Microgrid. No disconnection to the 

distribution grid happens in this case. Thus, no major 

changes in the behaviour of the components are observed. 

 

 
Figure 2: Power balance and state of charge for BESS and 

EVs on Simulation I 

The electric vehicle acts as a constant power load during 

all times (𝑃𝑒𝑣  in pink), following the same behaviour as the 

customers’ load (𝑃𝑙𝑑), in dark red. The distribution grid is 

the responsible for providing this energy demand in the DC 

Microgrid, up to the point in which the BIPV system starts 

to produce energy. At point I, indicated by the rise in the 

bold dark blue curve 𝑃𝑝𝑣 in Figure 2, the power supply 

from the grid 𝑃𝑔𝑟  (in dark green) starts to decrease as the 

local energy generation meets the energy demand.  

 

When the generation surpasses that demand, in II, the 

BESS starts to charge (𝑃𝑏), as does its state of charge 

𝑏𝑆𝑜𝐶, in light blue. This excess power in the DC MG is all 

used to charge the batteries. When the EVs require some 

load (III), it is met by the grid connection. During the 

generation time between points I and IV, both the BIPV 

and the BESS are responsible for maintaining 𝑉𝑏𝑢𝑠 at 1 p.u, 

with the distribution grid taking a secondary role. By point 

IV, the generation is already back to zero in this winter 

day, and the distribution grid returns to be the responsible 

for supplying the customer demand and maintaining the 

bus voltage.    

 

 
Figure 3: Bus voltage 𝑉𝑏𝑢𝑠 during Simulation I 

 

As is seen in Figure 3, the bus voltage (blue curve) is kept 

well within its limits of ±5% (green and red lines), 

indicating that all the blocks responsible for maintaining 

the DC bus voltage are acting according to the 

requirements. 

Simulation II : Islanded Operation with Local 

Generation 

Simulation II tackles the situation in which there is a loss 

of grid connection during a period of generation by the 

BIPV system. In this case, the islanded operation runs for 

5 hours, from 10h in the morning to 15h in the afternoon. 

The components behave as indicated in Table  1: 

 

Table 1: Component operation mode for Simulation II 
 Operation Mode 

Component Grid-connected Islanded 

Grid 
Bus Voltage 

Maintenance 
Disconnected 

Load 
Constant Power 
Load 

Constant Power 
Load 

BIPV 
Constant Power 

Source – MPPT 

Bus Voltage 

Maintenance 
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BESS 
Charging Mode 

Only 

Charging and 

Discharging 

EV 
Constant Power 

Load 
Discharging 

 

 

The distribution grid is disconnected at point I in Figure 4, 

which has the same curves and respective colours as Figure 

2. At that moment, the bus voltage is already being 

maintained by the BIPV generation and the BESS in 

charging mode. However, at point III, the power generated 

by the PV system is no longer higher than the demand from 

the customer loads; the energy storage systems need to 

discharge to keep the power balance of the DC Microgrid 

stable.  

 

 
Figure 4: Power balance and state of charge for BESS and 

EVs on Simulation II 

 

Comparing this case with Simulation I, we see that at point 

II the EVs required some load, but there is no grid 

connection to supply it, and the excess power from the PV 

generation is being directed to the BESS. As such, no 

charging is done in the EVs, and the overall evSoC (purple 

curve) is lowered. The discharge continues to occur until 

the distribution grid is reconnected at point IV.  

 

 
Figure 5: DC bus voltage 𝑉𝑏𝑢𝑠 during islanded operation 

 

The DC bus voltage is maintained within its limits during 

the transition between grid-connected and islanded, and 

there are no voltage peaks during the whole simulation. 

However, at the time of reconnection, as the two energy 

storage sources stop to supply power and the grid resumes 

the voltage maintenance, we can observe a voltage sag in 

the DC bus, reaching 0.73 p.u. This is noted as a simulation 

issue, and its solution is proposed as future work. 

Simulation III : Islanded Operation with No Local 

Generation 

 

The third simulation case studied showcases the loss of 

grid connection during a period with no solar power 

generation from the BIPV. The islanding starts at 16h and 

lasts until 22h, in a 6-hour period without a connection 

between the building’s DC Microgrid and the distribution 

grid. Table 2 shows the behaviour of each component: 

 

Table 2: Component operation mode for Simulation III 

 Operation Mode 

Component Grid-connected Islanded 

Grid 
Bus Voltage 

Maintenance 
Disconnected 

Load 
Constant Power 
Load 

Load Shedding 
Mode 

BIPV 
Constant Power 

Source – MPPT 

Constant Power 

Source – MPPT 

BESS 
Charging Mode 
Only 

Discharging 

EV 
Constant Power 

Load 
Discharging 

 

In this case, the only power sources in the system during 

the islanding operation are the energy storage systems, 

with the battery and the EVs. The BIPV block keeps its 

operation as a constant power source in the MPPT mode, 

but there is no solar power generation during the period of 

islanding. As such, the building’s Microgrid has a limited 

time of operation as the state of charge of the storage 

systems decreases while the grid is not reconnected.  

 

 

 
Figure 6: Power Balance and Battery/EV SoC for 

Simulation III 

 

The distribution grid connection is lost at point I in Figure 

6. Immediately the BESS starts to discharge and to 

maintain the voltage level of the DC bus, assisted by the 

electric vehicles that are connected to the DCMG at that 

point – but react slower than the backup battery. The state 

of charge of these energy storage systems is rapidly 

drained while supplying the customers’ demand for over 2 

hours. This is seen as enough time to voluntarily shut down 

non-critical customers loads. After 2.5h in islanded mode, 
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the bus voltage 𝑉𝑏𝑢𝑠 falls below a critical level and the load 

shedding is necessary. To ensure that the voltage of the 

grid keeps its stability, and to make sure at least the critical 

portion of the building load is supplied, a load shedding 

manoeuvre must take place, happening in point II of the 

figure.  

 

Needing to supply only 30% of the load, the rate of 

discharge of both the BESS and the EVs is lower, and the 

power balance in the DC Microgrid is kept until the grid is 

reconnected at point III.  

 

 
Figure 7: DC bus voltage 𝑉𝑏𝑢𝑠 during Simulation III 

 

Once again, the voltage level at the DC Microgrid is kept 

within the operation parameters of ±5% during the 

islanded operation, and a voltage sag is only observed 

during the grid reconnection. This is caused by the 

simulation parameters and the reaction speed of the 

distribution grid block being slower than the BESS block 

and the load shedding control. That is, once the islanding 

operation ends, the load shedding control signal is shut 

down, and the demand curve goes immediately back to 

100% from the 30% in the shed state; the voltage control 

implemented in the grid block cannot react as fast and thus, 

the voltage sag happens. This situation can be mitigated by 

the implementation of a gradual increase in the load, 

opposed to the jump, and it is proposed as a further 

improvement in the PSCAD model. 

CONCLUSIONS 

In this paper, we discussed a simulation model that was 

built to simulate a DC Microgrid of a high-rise residential 

building. Using this platform, we performed simulations to 

demonstrate the proposed control and management 

strategies. 

 

By adopting a generalist approach, each block in the model 

presents the possibility to be modified according to the 

needs of the building, allowing different management 

strategies to be tested and verified. Different building’s 

parameters, such as size of loads, generation and storage, 

are easily changeable in the proposed model. 

 

Using the Microgrid management scheme described in this 

paper, we noted that the DC bus voltage was kept well 

within the specified limits, indicating a healthy operation 

of the building’s electrical distribution even in islanded 

operation mode. The self-sufficiency of the building and 

its independence from the grid were found to be closely 

related to the capacity of the energy storage systems. For 

the simulated cases, using 250kWh BESS, the time of 

islanded operation was verified to be of 2 hours of 

unlimited grid supply and extra 4 hours of critical-load 

only. 
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