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Abstract 

Hybrid microgrid is emerging as a flexible and modular solution that integrates various heterogeneous energy resources and loads. 
This conventional hybrid microgrid architecture can also reduce the number of power conversion stages, when compared to other 
architectures of microgrid such as, centralized DC bus and centralized AC bus architectures. But, these conventional hybrid 
microgrid architectures are having poor fault tolerant capacity that leads to severe power imbalances in the microgrid system. With 
this aspect, this paper propose the refined hybrid microgrid architecture that can handle system uncertainties and improves the 
voltage profile. The proposed refined hybrid microgrid architecture consists of two layers (AC layer and DC layer) through which 
each and every constituent of the microgrid is connected. This provides continuity in power supply to the microgrid loads via the 
possibility of bi-directional power flow between AC layer and DC layer. The proposed architecture is simulated using 
MATLAB/Simulink®. From the results, it is observed that, this proposed refined hybrid microgrid architecture improves the voltage 
profile of the system during faults. 
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1. Introduction 

Microgrid has appeared as an attractive for integration of renewable energy sources in the distribution networks 
which has advantages in terms of reliability and power quality. Therefore, microgrids are a suitable, reliable and clean 
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solution to use local generation and also to the utility grid. Microgrids are present in different architectures based on 
AC and DC systems. They are AC microgrid, DC microgrid, hybrid microgrid. In AC microgrid [1] only AC main 
bus was exist which is connected with a utility grid through a PCC; sources, loads are connected to AC bus. An AC 
microgrid with DC storage was presented in [2], which has separate DC storage. In DC microgrid only DC main bus 
was exist which is connected with a utility grid [3], sources, loads are connected to DC bus. DC zonal microgrid 
architecture also presented in [4]. It has DC zonal busses are connected to a main AC bus.  

The combination of AC and DC microgrid forms hybrid microgrid, [5], [6]. The AC and DC buses separated by an 
AC-DC bi-directional interlinking converter. The AC sources and loads are connected to AC bus through a 
transformer, DC sources and loads are connected to DC bus through a DC-DC converter. The battery storage system 
also connected to DC bus through a DC-DC bidirectional converter. The conventional hybrid micro grid is shown in 
Fig. 1, in which red colored line represents DC power flow and blue colored line represents AC power flow. A solid 
state transformer (SST) based microgrid system was presented in [7]. SST has a converter and high frequency 
transformer which provides power to AC and DC buses. AC and DC source, loads are connected to corresponding 
buses through a proper converter.  

The conventional system was implemented based on [8-12]. Loads and sources are connected to either AC (or DC) 
bus through a bidirectional converter. The control logic and design of bidirectional converter was developed using 
[13]. The AC, DC filter specifications and design model was discussed in [14]. The integration of renewable energy 
sources to microgrid are discussed in [15, 16]. 

 

Fig. 1. Conventional microgrid architecture [5, 6].  

The main drawback of a conventional hybrid microgrid architecture given in [5, 6] are: 

• Power conversion losses ranges from 8-12% because of power electronic converters [17]. 
• If any fault occurred in AC (or DC) bus the fault part of DC (or AC) system is isolated from main system. 
• Power imbalance in system because of weather conditions, i.e., PV generate DC power in daytime and wind 

generate AC power in presence of wind flow. 
• In island operation, the difficulty in control of interlinking converter because of droop characteristics.  

This paper presents a novel two bus hybrid microgrid architecture design for reliable power distribution system by 
considering the drawbacks of conventional hybrid microgrid structure. The main contribution of this paper are: 

• Design of two bus/layer hybrid microgrid architecture. 
• Design of a converters suitable for the proposed architecture. 
• Control scheme for the inverter which is switches between AC and DC buses. 
• Comparison of proposed architecture with existing architecture. 
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2. Proposed two bus hybrid microgrid architecture 

2.1.  Description of proposed two bus hybrid microgrid architecture 

Fig. 2 shows the proposed hybrid microgrid architecture, which has a red line represents AC bus, green line 
represents a DC bus, which connects to every equipment (both AC and DC). The DC bus in this system considered as 
‘hot line’, which provides a continuous power supply to loads in presence of various weather conditions, load 
disturbances, island operation and grid uncertainty. The AC and DC busses are connected to utility grid through a SST 
or multiport transformers providing power to both DC and AC lines and also allows bidirectional power flow, which 
was discussed in [18].  DC sources are connected to DC and AC buses through DC-AC/DC converter. AC source 
connected to DC and AC buses through AC-DC/AC converter. Loads are connected to corresponding buses through 
converters, which reduces the power conversions. Battery storage system is connected to AC and DC busses via DC-
AC/DC bi-directional converter, which charges during grid connected mode or excessive power in the system and 
discharges during island mode. The control schemes are designed for DC-AC/DC converter for a battery in such a 
way that it is capable to deliver/consume power from any one of the bus or from both. The interlinking converter is 
located in between AC and DC buses for controlling power balance and energy management. Supervisory control is 
designed by connecting the local converters through a control line, for different operating conditions.  

 

Fig. 2. Proposed two bus hybrid microgrid architecture scheme for proposed architecture 

2.2. Control of proposed 2-bus hybrid microgrid architecture 

The constituents (loads and sources) of proposed microgrid are connected to both AC and DC busses. Because of 
this, loads are always connected to sources through one of the bus (AC/DC) for fault on other bus (DC/AC), which is 
not the case always, in case of conventional microgrid architecture which is having single centralized bus. Different 
converter designs for different constituents are shown in Fig. 3. These are connected to both the busses through 
breakers.  

From DC bus, breakers SP, SB, SD, SLD are connected to solar, battery, utility grid and DC loads respectively. 
From AC bus breakers SW, SA, SLA are connected to wind, grid and AC loads respectively. The following equation 
(1) is the objective function for the operation of the proposed architecture, where P is the generating power in which 
U is the utility and i, j are the represents solar and wind or combination of both, B represent battery, PL represents load 
and x, y are represents either AC or  DC or combination of both.  
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LyLxBjiU PPPPPP +>±++    (1) 

The equation (1) represents power balance objective function. The power balance is achieved by connecting source 
and loads to corresponding buses with different switching combinations. The possible switching combinations are 
shown in Table. 1. 

 

Fig. 3. Converters design for proposed microgrid architecture 

Table 1. Switching combinations in different conditions 

  Grid-Connected Mode Islanded mode 

Mode No. Description  Status AC Loads DC Loads AC Loads DC Loads 

Mode-1 Only PV generation ON SU, SA, SLA SU, SD, SP, SLD SA, SLA SD, SP, SB, SLD 

Mode-2  Only wind generation ON SU, SA, SW, SLA SU, SD, SLD SA, SW, SLA SD, SB, SLD 

Mode-3 Only battery ON SU, SA, SLA SU, SD, SB, SLD SA, SLA SD, SB, SLD 

Mode-4 PV+ Wind ON SU, SA, SW, SLA SU, SD, SP, SLD SA, SW, SLA SD, SP, SB, SLD 

Mode-5 PV+ Battery ON SU, SA, SW, SLA SU, SD, SP, SLD SA, SLA SD, SB, SP, SLD 

Mode-6 Wind+ Battery ON SU, SA, SW, SLA SU, SD, SB, SLD SA, SW, SLA SD, SB, SLD 

Mode-7 PV+ Wind+ Battery ON SU, SA, SW, SLA SU, SD, SB, SLD SA, SW, SLA SD, SB, SP, SLD 

3. Performance analysis 

In order to test the proposed system, performance analysis is done by considering different indices mentioned as 
follows. 

1. Frequency deviation during different fault conditions, 
2. Load voltage profile during different fault conditions, and  
3. Voltage profile under sudden load changes.  
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The conventional and proposed hybrid microgrid architectures are tested and compared by conducting simulations 
in MATLAB/Simulink with respect to the simulation parameters shown in Table. 2. 

Table 2. Simulation parameters for modeling the conventional and proposed hybrid microgrid systems 

Parameter  Value  Parameter Value 
Grid   Transformer  
Phase-phase rms voltage 11kV  Nominal power  500kVA  
3-phase short-circuit level 200MVA  Primary voltage (Vrms ph-ph) 11kV 
Base voltage (Vrms ph-ph) 11kV  Secondary voltage (Vrms ph-ph)  415V 
X/R ratio: 10  Nominal frequency 50Hz 
Wind capacity 10kW  Primary & Secondary resistance  0.02pu 
Solar capacity 10kW  Primary & Secondary inductance 0.08pu 
Battery capacity 415V*30Ah  DC filter  
DC loads 5kW  Series resistance, inductance 0.03Ω, 6mH 
AC load   Parallel Capacitance 100µF 
Nominal phase-to-phase voltage  415V  AC filter  
Nominal frequency  50Hz  Series Resistance  0.02Ω 
Active power  33.2kW  Series Inductance 4.5mH 
Inductive reactive power  24.9kVAR  Parallel Capacitance 1000µF 

3.1. Fault tolerant analysis of proposed and conventional microgrid systems 

The 3-phase fault, line-line-ground (LLG) fault, line-line (LL) fault and line-ground (LG) fault are created on AC 
bus at the instant of 0.4 sec and cleared at 0.8 sec. The fault duration was 0.4 sec. The corresponding frequency plots 
of conventional and proposed hybrid microgrid architectures are shown in Fig. 4. The main observations are listed 
below. The overall performance analysis is tabulated in Table. 3. 

Table 3. Performance of conventional and proposed system with different faults on AC bus 

Type of Fault Max frequency deviation (Hz)  Voltage at AC bus during fault (pu) 

 Conventional Proposed Conventional Proposed 

3 phase fault 0.28 0.19 0.01 1.0 

LLG fault 0.21 0.17 0.35 1.0 

LL fault 0.20 0.16 0.5 1.0 

LG fault 0.19 0.15 0.65 1.0 

Observations  

• During fault, frequency deviation of the proposed microgrid system is very less i.e., in the range of ± 0.05 Hz. As 
per the standards of the Indian utility power grid allowable frequency tolerance should be ± 2% for 50 Hz frequency 
[16].  

• At fault instant, conventional microgrid system has more frequency deviation due to the disconnection of loads on 
AC bus from supply. But, in the proposed microgrid system loads on AC bus are transferred to DC bus after fault 
instant and again transferred to AC bus when fault was cleared.  

• During switching (fault ON and clearing instants) proposed microgrid system reaches to its steady state in a very 
less time. 
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Fig. 4. Frequency deviation during (a) 3-phase fault (b) LLG fault (c) LL fault (d) LG fault 

3.2. Voltage profile under fault conditions 

The voltage profile of conventional and proposed microgrid systems are monitored by creating different types of 
faults on AC bus and results of both the systems are compared using per unit load voltages. Fig. 5 shows the per unit 
load variations of conventional and proposed microgrid systems under different fault conditions (LL, LLG, LG, 3-
phase faults). 
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Fig. 5. Voltage profile during (a) 3-phase fault (b) LLG fault (c) LL fault (d) LG fault 
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Observations  

• The positive sequence per unit load voltage of the proposed microgrid system remained same during any fault 
condition. 

• The conventional microgrid system per unit load voltage is less than base voltage and varies according to type of 
faults. 

• Because of sudden switching (AC to DC), the per unit load voltage is distorted and settled quickly in proposed 
microgrid system. 

3.3. Voltage profile under sudden load changes  

The large inductive and capacitive loads are connected to AC bus. The analysis is carried out by switching on 
inductive load during (0.5-1) sec and a capacitive load during (1.5-2) sec. The per unit voltage profile during sudden 
load variations are shown in Fig. 6. This analysis is performed based on ANSIC 84.1 [21]. 

Observations: 

• Because of grid support, conventional and proposed systems have same voltage profile under sudden load changes. 

 

Fig. 6. Voltage profile when sudden load changes 

4. Case study 

Consider the proposed and conventional microgrid systems, initially the source and loads are connected to 
respective buses. The proposed and conventional microgrid applications are observed by creating fault on following 
cases: 

1. Fault on AC bus. 
2. Fault on DC bus. 

4.1. Case 1: fault on AC bus in grid connected mode 

A fault is created on AC bus and it is inferred that in conventional system only DC loads will be operating as the 
AC bus i.e., zone 1 in Fig. 7(a) is islanded. Also DC bus i.e., zone 2 in Fig. 7(a) will provide power to loads based on 
the availability of DC source. Where as in proposed system, dotted line indicates the faulty bus as shown in Fig. 7(b), 
and it is noticed that there is no isolation of loads, as the loads are transferred to DC bus based on the control logic, 
thus providing the advantage of uninterrupted power supply. Fig. 8 shows the voltage at load bus in conventional 
systems under different fault conditions. Fig. 9 shows the voltage at load bus in proposed system. 
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Fig. 7. Fault on AC bus of a) conventional hybrid microgrid b) proposed hybrid microgrid architectures 
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Fig. 8. Voltage at load bus in conventional microgrid system during (a) 3-phase fault (b) LLG fault (c) LL fault (d) LG fault 

 

Fig. 9. Voltage at load bus in proposed microgrid system during all types of faults  
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4.2. Case 2: fault on DC bus in grid connected mode 

Similar to the above case a fault is created on DC bus. As shown in Fig. 10(a), zone 2 indicates the faulted area and 
zone 1 is connected to utility grid which results in islanded mode operation of DC micro grid in conventional system. 
Whereas in proposed system, based on its control logic the DC loads located on DC bus and source are shifted to AC 
bus as shown in Fig 10(b). Even under this condition the proposed system is capable of delivering uninterrupted power 
supply. Simulation results for this case is presented in Fig. 11. 

 

Fig. 10. Fault on DC bus of a) conventional hybrid microgrid b) proposed hybrid microgrid architectures 

 

Fig. 11. DC load voltage during fault 

5. Conclusion 

Based on simulation results we can conclude that the conventional hybrid microgrid system has fails to supply 
power during fault conditions, it leads to uncertainty in microgrid. Whereas, proposed two bus hybrid microgrid 
architecture provides an uninterrupted power supply to loads even during the fault conditions. The proposed system 
is capable in resolving the uncertainties in voltage profile, as it is capable of delivering power under all conditions this 
system is fault tolerant. Even though more number of power converters present in a system, it results in a better voltage 
profile because of sources and loads in microgrid are connected to the corresponding buses. 

References 

[1] RH Lasseter, JH Eto, B Schenkman, J Stevens, H Vollkommer, D Klapp. CERTS Microgrid Laboratory Test Bed, IEEE Transaction on Power 
Delivery, 2011, 26(1), pp. 325–332. 

a b

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3
0

100

200

300

400

500

600

700

Time (seconds)

V
ol

ta
ge

(v
ol

ts
)

 

 

Conventional
Proposed

Fault ON

DC Load Voltage during facult 

Fault clear



654   Pinjala Mohana Kishore and Bhimasingu Ravikumar  /  Energy Procedia   90  ( 2016 )  645 – 654 

[2] NWA Lidula, AD Rajapakse. Microgrids research: a review of experimental microgrids and test systems, Journal of Renewable and 
Sustainable Energy Reviews, 2011, 15(1), pp. 186–202. 

[3] S Xu, AQ Huang, S Lukic, ME Baran. On integration of Solid-State transformer with zonal DC Microgrid, IEEE Transaction on Smart Grid, 
2012, 3(2), pp. 975–985. 

[4] S Xu, S Lukic, Huang. DC zonal micro-grid architecture and control, In Proceedings of the 36th annual conference on the IEEE Industrial 
Electronics Society (IECON), 2010, pp. 2988-2993. 

[5] L Xiong, W Peng, CL Poh. A hybrid AC/DC Microgrid and its coordination control, IEEE Transaction on Smart Grid, 2011, 2(2), pp. 278–
286. 

[6] I Patrao, E Figueres, G Garcerá, RG Medina. Microgrid architectures for low voltage distributed generation, Journal of Renewable and Sust
ainable Energy Reviews, 2011, 43, pp. 415–424. 

[7] S Jianjiang, G Wei, Y Hao, Z Tiefu, AQ Huang. Research on voltage and power balance control for cascaded modular solid-state transformer. 
IEEE Transaction on Power Electronics, 2015, 26(4), pp. 1154–1166. 

[8] YJ Reddy, YVP Kumar, KP Raj, A Ramsesh. Retrofitted Hybrid Power System Design with Renewable Energy Sources for Buildings, IEEE 
Transaction on Smart grid, 2012, 3(4), pp. 2174-2187. 

[9] YVP Kumar, R Bhimasingu. Performance analysis of green microgrid architectures by comparing power quality indices, In proc. of IEEE 
18th National power system conference, Guwahati, 2014. 

[10] YV Pavan Kumar, Ravikumar Bhimasingu. Investigating the Power Quality Improvement Strategies for Urban Building Microgrids, In Proc. 
of IEEE International Conference on Power Electronics, Drives, and Energy Systems, Bombay, 2014. 

[11] YVPavan Kumar, Bhimasingu Ravikumar. Review and Refined Architectures for Monitoring, Information Exchange, and Control of 
Interconnected Distributed Resources, In Proc. of the 23rd International Conference on Systems Engineering, Lasvegas, 2014, pp 383-389. 

[12] YV Pavan Kumar, Bhimasingu Ravikumar. Integrating Renewable Energy Sources to an Urban Building in India: Challenges, Opportunities, 
and Techno-Economic Feasibility Simulation, Springer journal of Technology and Economics of Smart Grids and Sustainable Energy, 1(1), 
2015. 

[13] A Mohamed, M Elshaer, O Mohammed. Bi-directional AC-DC/DC-AC converter for power sharing of hybrid AC/DC system, In proc. of  
IEEE Power and Energy Society General Meeting, San Diego CA, 2011. 

[14] AA Ahmad, A Abrishamifar, Md Farzi. A New Design Procedure for Output LC Filter of Single Phase Inverters, In proc. of 3rd International 
Conference on Power Electronics and Intelligent Transportation Systems, 2010. 

[15] IEEE Standard for Interconnecting Distributed Resources with Electric Power Systems. IEEE Std 1547-2003. 
[16] IEC 61850-90-7, Object Models for Photovoltaic, Storage and other DER inverters. 
[17] E Planas, J Andreu, JI Gárate, IM Alegría, E Ibarra, AC and DC technology in microgrids: A review, Journal of Renewable and Sustainable 

Energy Reviews, 43, 2015, pp. 726–749. 
[18] S Falcones, Rajapandian Ayyanar, Xiaolin Mao. A DC–DC Multiport-Converter-Based Solid-State Transformer Integrating Distributed 

Generation and Storage, IEEE Transactions on Power electronics, 2013, 28(5), pp. 2192 -2204. 
[19] Eric Sortomme, SS Venkata, Joydeep Mitra. Microgrid Protection Using Communication-Assisted Digital Relays, IEEE Transactions on 

Power Delivery, 2010, 25(4), pp. 2789-2797. 
[20] AH Kasem Alaboudy, HH Zeineldin, James L. Kirtley. Microgrid Stability Characterization Subsequent to Fault-Triggered Islanding Incidents, 

IEEE Transactions on Power Delivery, 2012, 27 (2), pp. 658-670. 
[21] American National Standard for Electric Power System and Equipment–Voltage Ratings, ANSI. C84. 1-1982. 


