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Abstract 

Distributed direct current (DC) power distribution system 

in buildings are gaining popularity. In this paper, a real 

world DC building distribution system is presented. Both 

the steady state and transient state models are developed. 

In the steady-state state model, the optimal location of DC 

converters is designed to enhance the energy efficiency of 

the buildings. In the transient state model, the safety 

operation of the DC building grids is achieved by the 

coordination of distributed energy resources. Furthermore, 

different operation scenarios are conducted, and the 

results indicate that the DC building achieves safe 

operation under the proposed coordination mechanism.  

Introduction 

A building-scale microgrid system is an innovative 

control and management architecture to integrate 

renewable energy technologies together with various 

loads (Lasseter, 2004). This concept efficiently works in 

both the AC and DC building microgrid system (Wei, 

2018). While remarkable progress has been made in 

improving the performance of the AC microgrid systems, 

DC microgrid systems have also been recognized as an 

attractive option for many applications because of their 

higher efficiency, higher reliability, improved stability, 

more natural interface to many types of renewable energy 

sources and energy storage systems, and better 

compliance with smart end-use loads (Ghareeb, 2013). 

DC building microgrid systems are being deployed 

globally as distributed solar, energy storage, consumer 

electronics, and LED lights are inherently DC resources. 

There are several power systems that typically employ 

DC distribution. Some of these systems can be found in 

spacecraft, data center, telecommunication, traction and 

shipboard power system. The DC distribution is 

employed in the spacecraft systems involve a large 

number of solar panels, DC-DC converters, batteries, 

battery chargers and DC loads (Grassi, 2011). Some of the 

data centers utilize DC distribution to reduce the energy 

loss such as the Duke Energy and the Electric Power 

Research Institute (EPRI) who has prepared a study 

showing that the system uses 15% less energy than a 

typical AC system with double conversion UPS (EPRI, 

2011). A bi-directional DC/DC converter model is 

investigated for a notional medium voltage DC (MVDC) 

shipboard power system to improve energy flexibility and 

deal with peak energy demand in a shipboard power 

system (Chung, 2011). A building-scale DC microgrid is 

presented by Marnay (2012), and a comparative of DC 

and AC microgrids in commercial buildings is studied by 

Fregosi (2015). Together, these DC power systems 

indicate that DC microgrids have  higher efficiency over 

the AC microgrid system. 

Various efforts are being made internationally to study the 

implementation of a DC microgrid system and to develop 

standards and system components for DC building 

application, i.e., the design of energy savings (Gerber, 

2017), development of controller (Gu, 2014), DC 

appliances (Nordman, 2016), safety and reliability 

(Anand, 2013). Among this architecture, modeling these 

DC microgrids is a key step to achieve this architecture 

(Lidula, 2011). A low-voltage DC microgrid as well as a 

control and protection system is simulated to ensure the 

reliable operation (Salomonsson, 2009). A PSCAD based 

telecommunication power supply system is investigated 

(Dissanayake, 2015). However, there are few works that 

deal with the detailed modeling the DC building 

microgrid with detailed dynamics and possible situations.  

In this paper, a real-world commercial-scale DC building 

microgrid system is presented. This DC microgrid is 

designed based on an eight-floor commercial building in 

Shenzhen, China. Compared with other DC microgrids, 

this DC microgrid consists of solar energy, battery storage, 

different DC voltage bus, and various DC loads. The 

detail simulation of this building is necessary. This paper 

conducts a simulation work of DC power distribution 

system in an actual building. Both the steady-state model 

for energy efficiency verification and the dynamic state 

detailed model for safe operation are presented. The 

contributions of this paper are listed below: 

1. Both the steady-state and transient-state model 

of a real-world DC building power system is built. 

2. Different operation scenarios are conducted in 

this paper to verify the safe operation of these DC 

buildings.  

The rest part of this paper is structured as follows: A 

description of the real-world DC buildings is presented in 

Section II. The analysis and detailed modeling process for 

the DC building is presented in Section III. Furthermore, 

the simulation study and results discussion is given in 

Section IV. Finally, Section V draws the conclusion and 

future trends.  

________________________________________________________________________________________________ 

________________________________________________________________________________________________ 
Proceedings of the 16th IBPSA Conference 
Rome, Italy, Sept. 2-4, 2019

 
3902

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.26868/25222708.2019.210709 
 

http://www.youdao.com/w/mechanism/#keyfrom=E2Ctranslation


 

 

DC building power system configuration 

The commercial-scale DC building investigated in this 

paper is based on a real-world commercial building. The 

DC building is located in Shenzhen, China. The case 

building is a research office facility with total floor space 

of around 5000 m2. The structure of this DC power system 

is shown in Figure 1. The total capacity of the DC building 

is 315 kW, with another 30kW DC charging station for 

electric vehicles. This DC building microgrid consists of 

PV generations, battery storage elements, DC loads, and 

grid-connected converters.   

The building is designed with a 375V high voltage power 

bus to deliver power across a different floor with a 

common neutral line. The high voltage power distribution 

can be combined into a +/- 375V bus bar and total 750V 

to power high capacity load such as large size air-

conditioner. The PV and battery integrated into the 375V 

DC voltage bus. The air-conditioning system is Variable 

Refrigerant Flow (VRF) system powered by 750V DC 

power bus and installed across the +/- 375V voltage 

power bus. A common AC to DC power conversion 

coupling point is designed to connect the office building 

DC power system with the utility AC power grid. Detailed 

system design power topology can be found in Future 1.  

At floor level, 48V is designed as the mail voltage level 

to feed local power use devices such as lighting, plug load 

and so on. DC/DC converters are used in each floor to 

convert power from 375V to 48V. To maintain the power 

consumption at +/- 375V power bus at the same level, 

three floors are connected with the +375V power bus and 

the rest three floor is connected with the -375V power. 
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Figure 1: DC building  distribution power system  schematic 

Modeling of DC building microgrid 

This section discussed the modeling process of different 

DC power system components. We introduce modeling 

methodologies for DC power system in the static-state 

energy simulation and the transient-state power 

simulation.  

Static-state modeling 

The static state energy modeling is done in Modelica 

environment as shown in Figure 2. The model takes the 

EnergyPlus simulated building energy profile for lighting 

and plugs load analysis. We use one floor’s wiring 

distribution and the goal is to identify current design 

strategies wiring distribution loss and try to minimize load 

when transmitting DC power. We analyze the current 

design strategy where each floor has one 375V to 48V 

DC-DC converter and propose a new design strategy 

where each floor has multiple 375V to 48V DC-DC 

converters. The 375V to 48V DC-DC converter is 

modeled with 90% normal efficiency. The 48V wire 

distribution is model with a resistance of 0.01 Ohm/m.  
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Figure 2: Steady-state simulation model of this DC 

building power system in Modelica 

 

Transient power simulation  

The transient power model of this DC microgrid is 

developed based on Matlab/Simulink. This simulation 

model consists of the detailed model of a PV generation 

system, the detailed model of a battery system, different 

converters as well as different DC loads.  

1) PV array model 

The PV array model is based on the in-built library model 

Matlab/Simulink. Series and parallel combination of the 

solar cells and modules is customized according to the 

voltage and power requirement. The MPPT controller is 

realized with perturbing and observe algorithm to track 

the maximum power by directly perturbing duty radio.  

The DC/DC converter of PV is a buck converter 

interfacing the PV array and DC 375V bus. Its input port 

is the output of the PV array and its output port is the DC 

375V bus. The input voltage, i.e. the output voltage of the 

PV array is controlled to track the reference generated by 

the Maximum Power Point Tracking (MPPT) algorithm. 

By doing that, the output power of the PV array can be 

adjusted to achieve the MPPT (Mohanty, 2018; Gil-

Antonio, 2016). The main circuit filter inductor of the 

converter is 6mH. The capacitors at the input port and 

output port are 9400 F (2 4700 F capacitors in 

parallel) and 2820 F (6 470 F capacitors in parallel) 

respectively. The switching frequency is 5kHz and the 

0dB crossing frequency of the whole loop is one-fifth of 

the switching frequency. The gain and phase margins of 

the loop at rating power are 9.8dB and 55°respectively. 

2) Battery model and Bi-directional converter control 

There is an in-built library model available for battery in 

Matlab/Simulink which is based on Shepherd model. The 

bidirectional DC/DC converter is configured as a buck or 

a boost (Lin, 2013; Reddy, 2017). It has 4 different 

operation modes, i.e. bus voltage control mode, power 

output mode, constant current charging mode, and 

constant voltage charging mode. The first mode is used to 

control the DC bus voltage when the DC microgrid is in 

off-grid mode. Others are used in grid-connected mode. 

In the off-grid mode, the bidirectional DC/DC converter 

controls the bus voltage of the DC microgrid. It can 

change the direction of the power flow to achieve the 

power balance in the microgrid. There are two insulated-

gate bipolar transistors IGBTs inside the converter 

forming a bridge leg. When there is more power than load 

in the DC microgrid, it transfers power from the DC 

microgrid to the battery. The upper IGBT is controlled 

and the lower IGBT functions as a freewheeling diode. 

Thus it is a buck converter. When there is more load than 

power in the DC microgrid, it transfers power from the 

battery to the microgrid. The lower IGBT is controlled 

and the upper IGBT functions as a freewheeling diode. 

Thus it is a boost converter. The second mode is used to 

transfer power required by the energy management 

system from the battery to the DC microgrid. The third 

and the fourth modes are used to charge the battery 

according to the state of it. 

3) 375/48V DC/DC Converter 

The 375/48V DC/DC converter is a peak current mode  

controlled buck converter, whose rating power is 500W 

(Furukawa, 2017). The main circuit filter inductor and 

capacitor are 3.5mH and 2820 F (6 470 F capacitors 

in parallel) respectively. The switching frequency is 5 

kHz and the 0dB crossing frequency of the opened control 

and power loop at rating power is one-tenth of the 

switching frequency. The gain and phase margins of the 

opened control and power loop at the rating power are 

12.6dB and 64.1° respectively. 

4) Converter model 

There are 2 bidirectional AC/DC converters in the DC 

microgrid. They are in charge of the +/-375V bus 

voltages in a grid-connected mode of the DC microgrid. 

The converter is a 20kW two-quadrant PWM rectifier 

which can operate at both plus and minus one power 

factor. When the load is less than the power in the DC 

microgrid, the AC/DC converter transfers power from 

the AC side to the DC side while controlling the bus 

voltage. The power factor of the converter is plus one. 

When the load is more than the power in the DC 

microgrid, it transfers the power from the DC side to 

the AC side. The power factor of it is minus one. The 

operation mode of the AC/DC converter is adjusted 

automatically by the regulator in the control loop. The 

control loop consists of the outer voltage loop and the 

inner current loop. The outer voltage loop regulates the 

375V bus voltage and the inner current loop controls 

the waveforms the current in the AC side to achieve 

plus or minus one power factor. The phase of the 

voltage generated by the converter bridge lags that of 

the AC grid in plus one power factor condition and 

leads that of the AC grid in minus one power factor 

condition. Due to the characteristic of active power 
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flowing from the voltage with a leading phase to the 

voltage with the lagging phase, bidirectional power 

flow between the AC and DC sides can be achieved. 

5) DC loads  

The case building’s electric loads are modeled using 

EnergyPlus. Actual Shenzhen’s Weather conditions are 

used in the simulation for both energy calculation and 

renewable energy generation. Actual building 

architectural, mechanical and electrical design 

information is inputted into Energyplus. To simulate the 

building’s DC system static state and transient 

performance, Energyplus simulated load profiles are used 

as input data for the DC power simulation. As DC power 

transient state simulation often deals with less a second 

system performance and building energy simulation often 

has a simulation time step of 15 mins or longer, this makes 

the electric load often exhibit a flat curve performance 

without time-dependent usage characteristics. However, 

when it comes to static state energy use simulation with 

comparable time-step as Energyplus model, electric load 

time variation can be observed. 

Simulation results 

The operations of this real-world DC microgrid under 

various sources and load conditions are simulated to 

verify the proposed algorithms. In the steady state 

simulation, the energy efficiency is simulated while the 

dynamic voltage stability is simulated in the dynamic 

state simulation. 

Steady state simulation   

For the static power simulation, the wiring distribution of 

original design and new proposed design can be found in 

Figure 3. The difference between these two design is the 

placement of the converters. In the original design, the 

converter is centralized in one place while in the new 

proposed design the converter is distributed in several 

places. The wiring loss simulation results can be found in 

Figure 4. 

375/48 

converter

375/48 

converter

375/48 

converter

375/48 

converter

 
Figure 3: Wiring distribution floor plan 

 

 

Figure 4: wiring loss simulation results 

It is found in Figure 4 that the new proposed power 

distribution design can effectively reduce wiring distance 

at a 48V level and thus reduce wiring loss. The original 

design delivers 3300 kW power for one floor’s lighting 

and plugs load peak power with 2800 kW power utilized 

by the end user devices. That is roughly 10% power are 

lost at 48V wires. The new design can deliver the same 

amount of power to the end user devices but only with 

approximate 2% power loss due to less resistance at the 

48V wire. 

Transient power simulation scenarios  

Simulation of the transient power simulation is 

accomplished in the Matlab/Simulink environment. The 

proposed DC micro-grid is simulated in both grid-

connected mode and isolated mode and different 

scenarios are adapted to verify the stability of the 

proposed simulation model. The operating mode in the 

simulation is scheduled in terms of an interval of grid-

connected mode and isolated mode, varying generation 

sources and load demand as listed in Tabel 1. To study the 

influence of DERs on the DC power distribution grid, we 

simulate both smooth fluctuation of generation resources 

and the rapidly shut down of generation resources.  

Meanwhile, the impact of load variation is studied by 

different voltage level load. The influence of the grid side 

voltage on this DC microgrid is also simulated. Due to the 

space limit, only part of the simulation results is presented 

in this manuscript as described in the following. 

Table1: Simulation scenarios 

Mode Details 

Grid-connected mode 

PV output power fluctuation 

PV sources shut down 

750 V DC bus shut down 

375 V DC bus shut down 

48V DC bus shut down 

utility grid AC side voltage 

fluctuation 

Isolated mode 

PV output power fluctuation 

PV sources shut down 

750 V DC bus shut down 

375 V DC bus shut down 

48V DC bus shut down 

a. Grid-connected simulation  

1) PV output power fluctuation 

The first scenario is to study the influence of PV power 

fluctuation on the DC micro-grid. The power flow of each 

node and the voltage response of each voltage bus are 

presented in Figure 5 and Figure 6 respectively. At t = 0.1s, 

the output of PV output power gets to zero and at t = 0.3s, 

the output of PV recover back. With the support of the 

bulk grid, the dc voltage of all the voltage level 

maintained stably. The fluctuation of each bus voltage is 

within +/-0.5% of the rated voltage which has no harm to 

devices connected to this bus bar. 
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Figure 5: Active power response in PV fluctuation 

scenarios 

Figure 6: Voltage response in PV fluctuation scenarios 

 

2) End-use device switch on and off 

Large power end use devices switch on and off can also 

affect the DC buildings power system stability. In this 

scenario, we simulate the shutdown of devices at 375V 

and 48V levels respectively. The energy use devices are 

suddenly switched off then suddenly switched on and the 

impacts on the building’s 375V and 48V power stability.  

 

Figure 7: Active power response in 750V load shut down 

scenarios 

 

Figure 8: Voltage response in 750V load shut down 

scenarios 

Figure 7 and 8 demonstrate that the shutdown and switch 

on of load at +/- 375V bus bar (air-conditioner operated 

at 750V). The control system can contain the bus bar 

voltage fluctuation. Similarly, load switches off and on at 

48V level is also simulated and results are shown in 

Figure 9 and 10. It is found that the DC distribution 

system and control mechanism can contain large load side 

power fluctuation at both 750V and 48V level and 

maintain the overall voltage stability. 
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Figure 9: Active power response in 48V load shut down 

scenarios 

 

 

Figure 10: Voltage response in 48V load shut down 

scenarios 

 

3) Grid side voltage fluctuation  

With the grid side support, this DC microgrid is able to 

maintain stable both in PV fluctuation scenario and load 

shutting down scenario. However, the fluctuation of grid 

side voltage has an impact on the power quality of this DC 

micro-grid. Hence, the impact of fluctuations of grid side 

voltage is simulated. The grid side voltage drops 10% and 

50% from its normal operation respectively, and the 

dynamic response of each DC bus voltage is presented in 

Figure 11 and Figure 12.  

Figure 11: Voltage response in gird-side voltage 

fluctuation scenarios 

 

At t = 0.1, the grid side voltage drops 10% from its rated 

voltage in Figure 11. This deviation influence all the 

voltage bus in this DC micro-grid. However, the voltage 

deviation of each DC voltage bus is less than the deviation 

of the grid side with the support of the storage system. 

b. Island mode simulation  

DC power system in buildings needs also functions 

properly during the event when utility grid loss and power 

and the building operated in island mode. In this part, we 

simulate a few scenarios in island mode to understand if a 

DC power system can function or maintain power quality.  

1) PV fluctuation   

The influence of PV fluctuation on the DC micro-grid is 

also simulated in the isolated mode. The power flow and 

the voltage response of each voltage bus are presented in 

Figure 12 and Figure 13 respectively.  

Compared with the grid-connected mode, the battery 

takes more responsibility in the isolated mode. As can be 

seen in Figure 13 that, as the PV output power drops the 

output of battery response to the fluctuation of PV. The 

active response of battery help to keep the balance of 

power flow as well as the voltage stability as can been in 

Figure 13. The voltage of 750V bus drops from 750V to 

748V which is lower than the grid-connected mode.
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Figure 12: Active power response in PV fluctuation 

scenarios under isolated mode 

Figure 13: Voltage response in PV fluctuation scenarios 

under isolated mode 

2) Switch on and off of end-user devices  

In island model, the impact of load switch off and on +/-

375V (750V) bus bar is also studied. We simulate the 

loads (air-conditioners) using 750V suddenly switch off 

at 0.1 seconds and switch back on at 0.3 seconds as shown 

in Figure 14. As the load switches off, the output of 

battery changes which is different from the operation state 

in grid-connected mode. With the support of the battery, 

the voltage of each voltage bus maintains stable. The 

voltage is maintained at a +/-375V level with a fluctuation 

of +/- 1V as seen in Figure 15.  

Figure 14: Active power response in 750V load shut down 

scenario under isolated mode 

 

Figure 15: Voltage response in 750V load shut down 

scenario under isolated mode 

Conclusion 
In this paper, we developed a static energy simulation 

model and a MATLAB power transient model to assess 

energy and transient stage performance of a case 

building’s DC power system. The static state energy 

simulation demonstrates a way to optimize DC power 

local floor distribution topology and reduce energy loss at 

low voltage 48V DC wire. The new proposed design can 

effectively reduce power loss from 10% to 2% at 48V 

wire side. The transient stage performance is conducted 

by developing multiple scenarios and simulated DC 

power and voltage response in grid-connected mode and 

island mode. Through simulation analysis, it is found that 

the design of +/-375V bus bar and 48V end use and its 

control system can successfully maintain the DC power 

smooth operation under several critical events. Battery 

system and its control are effective to operate the DC 

building in island mode and when the building loses its 

power. This simulation analysis is helpful for the case 

building to validate the reliability of a DC system and 

carry out detailed design and construction. Overall, this 

study provides a novel way to validate a building’s DC 

power system performance. The next step research will 

focus on validate simulation model through building 

operation measurement data.   
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