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Abstract 
  

  Surveys and statistics showing majority of rural areas and remote places in 

third world countries are far from accessing electricity and facing power 

shortage. One important reason for this circumstance is power generating 

plants distant from rural areas. Despite of AC utility grid most of the loads 

requires power converters to obtain regulated DC. Also power conversions 

required in DC grids are less when compared with AC grids. Abundant 

Renewable energy like solar photovoltaic has potential to provide solution 

for the rural electrification through DC micro grid. This article presents the 

design, analysis and simulation of photovoltaic based DC micro grid system 

with low cost DC household which is not connected to utility Grid. The 

proposed system suited for running approximately 125 watts loads useful for 

daily routine. The Proposed system utilizes Boost converter as front-end 

converter to regulate required DC bus voltage for forming DC micro grid. 

Fly-back converter is used as point of load converters to meet different load 

specifications. Simulation study of the proposed system is done in PSIM 9.0. 

To validate the proposed system 236 watts proto type was developed and 

tested. 
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1 Introduction 
 
 Renewable energy resources can protect environment and foster nation‘s 

economy in greater extent. Solar photovoltaic systems are potential 

renewable sources to provide sustainable power generation solution to rural 

areas and remote places. Despite the emerging technologies and globalization 

electrification of rural areas is still lacking and needs attention. Many people 

in rural areas are living in dark without electricity needs. Higher initial costs 

and operating cost made traditional utility grids not reachable to remote rural 

areas. This opens platform to emerge new technologies to fill the gap 

between electricity and accessibility to remote rural areas. As on today nearly 

1.5 billion people do not have accessibility of electricity and 2.8 billion 

people still using biomass for cooking purpose [1].  Current electricity 

generation produced from fossil fuels, coal and natural gas arise many 

problems such as global warming and sustainability issues. Fossil fuels are 

reserved and one cannot be estimated exactly how much time do they exist. 

Surveys shows that approximately 50, 60, and 200 years left for Crude oil, 

Conventional gas, and coal respectively remain as per present consumption 

rate [2]. This is an much important concern to think on particularly highly 

populated countries like India and China will increase the consumption of 

fossil fuels even further leading to scarcity of them on Earth. 

To obtain the objective of sustainable power generation renewable 

energy resources are helpful. Sun is the ultimate source of energy but due to 

intermittent nature of solar power auxiliary energy storage system is needed. 

In one of the survey at ―Virginia  Tech‘s  Center  for  Power  Electronics  

systems,  it  was shown  85%  of  all  electricity  goes  through  AC-DC  

conversions and losses occurred at each conversion stage are multiplicative 

which will degrade the overall efficiency of the system‖. The necessity of 

DC Appliances usage in residential houses and reduction of power 

conversion stages in the DC grid is favored with distributed generation [3]. 

Such grid is shown in Figure 1. With more than 50% reduction in power 

converter stages. In tradition AC grid more power converter stages are 

required, moreover in modern world the power generated, transmitted and 

distributed in AC, but the utilization takes place in-terms of DC loads and 

Appliances. Examples of DC loads include LED lighting solutions, 

Television sets, DC refrigerator, water purifiers, consumer Electronic loads 

such as Laptops, Mobile phones, smart watches, BLDC motor for fans, air 

coolers and Pump sets etc. 

 Most of the rural areas in developing countries like India are receiving 

power only for few hours and some rural parts are not yet electrified though 

utility grid is available and connected. Survey shows as on May-2016, there 

are still 18,452 rural and remote places yet to receive electricity [4]. Scarcity 

of fossil fuels made power generating sector to look for alterative resources 

of energy for the power production, Most of the stakeholders accepted the 

fact of this and started investing in harnessing non-conventional resources 

[5]. 
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Government of India support such investor and stakeholders with the help of 

providing subsidy and financial assistance which are helping country 

economic growth towards sustainability [6]. ―A study on feasibility of the 

DC distribution in Korean houses for different DC voltage levels is done in 

article‖ [7]. Different research people with common interest had analyzed the 

low voltage DC micro grid and came to conclusion that 72-V and 48-V DC 

distribution systems for houses stationed adjacent to renewable resources 

with more cable area and less cable length will be much economical system 

[8], [9], [10], [11]. 

 In addition to conductors reduction DC grid enjoys advantages of zero 

reactive power loss due to zero frequency. No reactive components cause for 

losses [12] and also nullify the issues related to source side harmonics, power 

factor correction, Ferranti effect and skin effect [13]. 

This paper arranged as follows section 2 discusses the DC bus voltage 

selection and literature survey of power converters. In section 3 design and 

analysis of the converters are present. In section 4 simulation results and 

hardware results of the proposed system are discussed. Finally section 5 ends 

with conclusion. 

  

2 Literature Survey and DC Bus Voltage Selection  
 

The block diagram of the DC micro grid for rural electrification is shown 

below in Figure 2. Three power converters are presented in block diagram. 

The boost converter acts as front end converter to boost the low voltage DC 

from PV panel to meet the DC grid bus voltage 72V or 48V. Fly-back 

converter with multiple outputs act as point of load converter to meet 

multiple voltage levels required for different loads. Synchronous buck-boost 

converter acts as bi-directional DC-DC converter between energy storage 

system and DC bus. 

 There are several standard distribution voltages in DC grids and these 

grids having several practical challenges in distributing a regulated power 

supply [14]. DC Micro grids generally preferred low level distribution 

voltages to reduce the converter cable size, cost and also minimize protection 

issues [15]. As another side of coin to reduce conduction losses distribution 

system voltages need to be increased for high power loads. In this research 

48Volts DC distribution is considered for optimal performance of the system. 

For High voltage DC grid distribution 380 Volts is preferable. The converter 

discussed in [16] shows the cascading help in achieving high gain without 

compromising efficiency. The methodology discussed in [17] is useful in 

building the model of PV array and check the I-V curves for maximum 

power point. 

In [18] soft switched converter is implemented to reduce the switching 

losses, but prevalently conduction losses increases there by degrading 

efficiency. In [19] auxiliary switch based converter is proposed to clamp the 

voltage with in limit, but additional switch causes changes in converter 

dynamics and system becomes complex in implementation for rural  
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electrification application. Multiport topology presented in [20] has more 

suitability towards medium voltage DC microgird. In this work a simple fly-

back converter with multiple outputs is considered as point of load converter 

taking the advantages of lowest part count and improved efficiency.  
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         Figure 1 Structure of DC micro Grid 

 

 Also for low power ratings residential DC houses fly-back converter is 

economical in operation and installation. Boost converter with optimal duty 

ratio is considered as front end converter to achieve active boosting with 

lesser space. Synchronous buck-boost converter is suited well for interfacing 

battery with high voltage DC bus. This converter operates in both buck 

operating mode as well as boost mode based on the switching sequence and 

current direction. 

 

Solar

PV

Front end 

DC-DC 

Converter

Bi-directional 

DC-DC 

Converter

Battery

Point of Load 

DC-DC 

Converters

DC load-1

DC load-2

DC load-n

 
Figure 2 Block diagram of DC micro grid 
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3 Design and Analysis of the Converters  
 
3.1 Front-End Boost Converter Analysis and Design 
 
 The following assumptions are followed for analyzing the converter 

performance in steady state a) All the components are ideal b) Input Boost 

Inductor ‗L‘ and output  capacitor ‗C‘ are large enough to have negligible  

ripple content in inductor current and capacitor voltage. c) Switch ON for DT 

time and OFF for (1-D)*T time. The equivalent circuit diagram during 

switch ON time and OFF time is shown in Figure 3. When the main switch 

‗S‘ is in ON condition boost inductor ‗L‘ gets charged and load is supplied 

by capacitor. When the main switch ‗S‘ is in OFF condition then the inductor 

‗L‘ gets discharged with falling current slope.  

During ON state VL=Vdc and OFF state VL = Vdc-Vo upon applying volt-

sec balance the output voltage is expressed as  
 

   
   

   
                                                                            

Capacitor voltage ripple and inductor current ripple are expressed as 
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Figure 3 a) Boost converter circuit diagram b) ON state equivalent circuit diagram 

c) OFF state equivalent circuit diagram 
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3.2 Point of Load (POL) Fly-Back Converter Analysis and Design  
 

The following assumptions are followed for analyzing the converter 

performance in steady state a) All the components are ideal b) Magnetizing 

Inductor Lm and output  capacitor ‗C‘ are large enough to have negligible  

ripple content in inductor current and capacitor voltage. c) Switch ON for DT 

time and OFF for (1-D)*T time. The equivalent circuit diagram during 

switch ON time and OFF time is shown in Figure 4. When the main switch 

‗S‘ is in ON condition magnetizing inductor ‗L‘ gets charged and load is 

supplied by capacitor. When the main switch ‗S‘ is in OFF condition then the 

inductor ‗L‘ gets discharged with falling current slope and diode conducts on 

secondary side to supply load.  

During ON time VLm = Vdc and during, Switch OFF time                         VLm 

= -Vo*(N1/N2) upon applying volt-sec balance the output voltage is 

expressed as  

   
       

     
(
  

  
)                                                          

Capacitor voltage ripple and inductor current ripple are expressed as 
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Figure 4 a) Fly-back converter circuit diagram b) ON state equivalent circuit 

diagram c) OFF state equivalent circuit diagram  
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3.3 Bi-Directional DC-DC Converter Analysis and Design 
 

 The following assumptions are followed for analyzing the converter 

performance in steady state a) All the components are ideal b) Inductor L and 

output  capacitor ‗C‘ are large enough to have negligible  ripple content in 

inductor current and capacitor voltage. c) Switches S1 and S2 ON for DT 

time and OFF for (1-D)*T time and switching operation is complimentary 

that is when one switch is in ON condition other switch will be in OFF 

condition. The equivalent circuit diagram during switch ON time and OFF 

time is shown in Figure 5. 

                

Vbatt Vdc_bus

L

Cbatt S1

S2

C_dc bus

D1

Vbatt Vdc_bus

L

S1

S2

D1

Vbatt Vdc_bus

L

S1

S2

D1

Cbatt
C_dc bus

Cbatt
C_dc bus

(a)

(b)

(C)  
Figure 5 a) Bi-directional Converter circuit diagram b) ON state equivalent circuit 

diagram c) OFF state equivalent circuit diagram 

 

For boost operation Capacitor voltage ripple, inductor current ripple and DC 

gain are expressed as 
        

       
 

 

        
                                                        

 

    
       

   
                                                                   

 

        
     

   
                                                                      

For buck operation the Capacitor voltage ripple and inductor current ripple 

are expressed as, 
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4 Results and Discussion 
 

  The proposed DC micro-grid system for rural electrification is simulated 

numerically in PSIM 9.0. Five loads are considered for DC home in rural 

areas, the details of those loads are tabulated in Table 1. Solar PV model is 

used for DC Source. Total Three DC-DC converters are considered for 

simulation front end boost converter, point of load fly-back converter with 

multiple outputs feeding multiple loads and auxiliary bi-directional DC-DC 

converter for battery charging and discharging. The design values and 

simulation specifications of the frontend converter are tabulated in Table 2. 

The design values and simulation specifications of the point of load fly-back 

converter are tabulated in Table 3. The design values and simulation 

specifications of the bi-directional DC-DC converter are tabulated in Table 4. 
Table 1 Identified Loads with specifications 

 
Load type 

(Manufacturer) 

Ratings 

Mobile Phone Charger 10-watts, 5 Volts 

Led Bulb 9-watts, 12 Volts 

Ceiling Fan (BLDC 

type) 

28-watts, 12 Volts 

Water Purifier 25-watts, 24 Volts 

Led TV 50-watts, 24 Volts 

 
Table 2 Design Values and simulation Specifications of Front-end Boost Converter  

 

S. No Parameter Values 

1 Input Voltage from PV 24V 

2 Output Voltage for DC bus 48V 

3 Boost inductance (L) 1.5mH 

4 Output side Capacitor 109uF 

5 % Duty Cycle 50% 

6 Switching Frequency 50kHz 

 

PSIM schematic depicting proposed configuration with sub systems is shown in 

Figure 6. The DC bus voltage obtained 48 Volts with 2% ripple is shown in Figure 7. 
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Table 3 Design Values and Simulation Specifications of POL Fly-Back Converter 

 

S. No Parameter Values 

1 Input Voltage from DC bus 48V 

2 Output Voltage levels for different 

loads 

5V, 24V and 12V 

3 Magnetizing inductance (Lm) 2.02mH 

4 Output side Capacitor values for 

different loads 

50uF,155.6uF, 34.7uF, 

69.4uF and 320uF 

5 Different resistor values for 

representing different loads 

16Ω,5.14Ω,23.04Ω, 

11.52Ω and 2.52Ω 

6 % Duty Cycle 40% 

7 Switching Frequency 50kHz 

 

Table 4 Design Values and simulation Specifications of bi-directional DC-DC 

Converter 

 

S. No Parameter Values 

1 Input Voltage from PV 48V 

2 Output Voltage for DC bus 24V 

3 Output side inductance (L) 3.47mH 

4 Output side Capacitor 0.72uF 

5 % Duty Cycle 50% 

6 Switching Frequency 50kHz 

7 Load Resistance (based on battery charging  

current) 

2.304Ω 

 

Front-end Boost converter input inductor current with 3% ripple of 

average inductor current is shown in Figure 8. Voltage and current 

waveforms of mobile phone charger load with a ripple of 1% and 2% 

respectively is shown in Figure 9.  Voltage and current waveforms of led 

bulb load with a ripple of 1.66% and 2.5% respectively is shown in Figure 

10.  

Voltage and current waveforms of ceiling fan load with a ripple of 2.5% 

and 2.1% respectively is shown in Figure 11. Voltage and current waveforms 

of water purifier load with a ripple of 1.66% and 1.88% respectively is 

shown in Figure 12. Voltage and current waveforms of led TV load with a 

ripple of 2% and 1.8% respectively is shown in Figure 13. Voltage and 

current waveforms of battery during charging with a ripple of 0.88% and 

0.66% respectively is shown in Figure 14. 
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                   Figure 6 PSIM Schematic of The Proposed System 

 

                 
                     Figure 7 DC Bus Voltage of The Proposed System 

 

              
                        Figure 8 Front end Boost Converter Inductor Current    

 

 
           Figure 9 Voltage and Current Waveforms of Mobile Phone Charger Load 
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                 Figure 10 Voltage and Current Waveforms of Led Bulb Load 

 

 
                        

                Figure 11 Voltage and Current Waveforms of BLDC Fan Load 

 

                     
                             Figure 12 Voltage and Current Waveforms of Water Purifier 

Load 

                                           

 
                          Figure 13 Voltage and Current waveforms of Led TV load 
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                           Figure 14 Voltage and Current Waveforms of Auxiliary Battery 

 

Hardware Prototype depicting front end converter of the proposed 

configuration is shown in Figure 15. The frontend converter of the proposed 

system is designed for 24Volts input and 72 Volts bus voltage output, 

IRF640 is used for active switch and operated with switching frequency of 

50kHz and duty of 0.428, the inductor and capacitor values are chosen as 

100µH and 100µF respectively. Also different equipment used in hardware 

prototype such as MSO, programmable DC supply, Driver circuit, Power 

Circuit, Lamp load, dSPACE 1104 board, Measuring probes are mentioned 

in figure. In Figure 16. Input voltage, input current, DC bus voltage after 

front end conversion and DC bus current are shown, it can be identified the 

current ripple and voltage ripple are negligible for the selected design values 

of converter. Also for the tested results the efficiency of frontend converter is 

obtained 91%.  

 

 
                

     Figuer 15 Hardware Prototype of Front Converter of Proposed System  
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 Figure 16 Input voltage, Input Ccurrent, DC Bus Voltage And Output Current Of 

Front Converter Of The Proposed System  

                       

5 Conclusion 
 

This research proposed a DC micro-grid system for electrifying rural 

households. Five essential loads are considered in the system and modeled. 

The proposed system able to meet loads continuously through Solar PV and 

auxiliary battery system. The converters employed in this work are simple to 

control and able to meet the load requirements. DC bus voltage is maintained 

at 48 V, which satisfies the low voltage grid standards in India. The design of 

the system show that current and voltage ripples of all converters are very 

low and negligible. To validate the proposed system a prototype of 236 watts 

is developed and tested. The hardware results shows 91% efficiency of the 

converter By realizing the proposed system on a higher scale, the further 

scope of this research can be commercialized to see that goal of achieving 

100% electrified villages.  

                 

References 
 

[1]  Sieminski, A, ―Annual Energy Outlook 2015‖, US Energy Information 

Administration: Washington, DC, USA, 2015. 

[2] Loomba, P., Asgotraa, S., Podmore, R, ―DC solar microgrids—A 

successful technology for rural sustainable development‖, In Proceedings 

of the IEEE PES Power Africa, Livingstone, Zambia, pp. 204–208, 2016. 

[3] Prajof Prabhakharan, Vivek Agrawal, ―Novel Boost-SEPIC Type  

Interleaved DC-DC Converter for Mitigation of Voltage Imbalance in a 

Low Voltage Bipolar DC Microgrid‖, IEEE Transactions on industrial 

electronics,   vol. 67, no. 8, pp. 6494-6504, 2019. 

 



                                                                                                                  
 

 

 

 
                     9377 M. Sai Krishna Reddy et al. 

 

[4] V. Krishnakumar ; P. Anbarasan ; S. Thamizharasan ; V. Vasanprabhu 

―An Integrated Non-Isolated DC-DC converter with Voltage Multiplier  

Cell for Microgrid Applications‖  2nd International Conference on  

Power and Embedded Drive Control (ICPEDC), 2019.  

[5] Jhunjhunwala, Ashok, Aditya Lolla, and Prabhjot Kaur, ―Solar-dc 

microgrid for Indian homes: A transforming power scenario‖, IEEE 

Electrification Magazine, vol. 4, no. 2, pp. 10-19, 2016. 

[6] Chandel, S. S., Rajnish Shrivastva, Vikrant Sharma, and P. Ramasamy, 

―Overview of the initiatives in renewable energy sector under the 

national action plan on climate change in India‖, Renewable and 

Sustainable Energy Reviews, vol. 54, pp. 866-873, 2016. 

[7] Makarabbi, Girish, Vinay Gavade, RakeshBabu Panguloori, and 

PriyaRanjan Mishra. "Compatibility and performance study of home 

appliances in a DC home distribution system." , 2014 IEEE International 

Conference on Power Electronics, Drives and Energy Systems (PEDES), 

pp. 1-6, 2014. 

[8] Pindoriya, Rajesh M., Naran M. Pindoriya, and S. Rajendran. 

"Simulation of DC/DC converter for DC nano-grid integrated with solar 

PV generation." In 2015 IEEE Innovative Smart Grid Technologies-Asia 

(ISGT ASIA), pp. 1-6. IEEE, 2015. 

[9] Panguloori, RakeshBabu, PriyaRanjan Mishra, and Ulrich Boeke. 

"Economic viability improvement of solar powered Indian rural banks 

through DC grids‖, Annual IEEE India Conference, pp. 1-4, 2011. 

[10]Kaur, P., Jain, S., Jhunjhunwala, A., ―Solar-DC deployment experience 

in on-grid and near on-grid homes: Economics, technology and policy 

analysis‖,  Proceedings of the IEEE First International Conference on 

DC Microgrids (ICDCM), Atlanta, GA, USA, pp.26–31, 2015. 

[11]Shukla, Yashkumar, Rajan Rawal, and Sophie Shnapp. "Residential 

buildings in India: Energy use projections and savings potentials", 

ECEEE Summer Study Proceedings 2015. 

[12]Rodriguez-Diaz, Enrique, Juan C. Vasquez, and Josep M. Guerrero., 

"Intelligent DC homes in future sustainable energy systems: When 

efficiency and intelligence work together‖, IEEE Consumer Electronics 

Magazine, vol. 5, no. 1, pp. 74-80, 2015.  

[13]Nilsson, Daniel, and Ambra Sannino. "Efficiency analysis of low-and 

medium-voltage DC distribution systems‖, IEEE Power Engineering 

Society General Meeting, 2004., pp. 2315-2321, 2004. 

[14]Rodriguez-Otero, Miguel A., and Efrain O'Neill-Carrillo. "Efficient 

home appliances for a future DC residence‖,  Energy 2030 Conference, 

IEEE Xplore, pp. 1-6,  2008. 

[15]Rodr guez-Otero, Miguel A. "Power quality issues and feasibility study 

in a dc residential renewable energy system." PhD diss., 2008. 

[16]Li, Weixing, Xiaoming Mou, Yuebin Zhou, and Chris Marnay. "On 

voltage standards for DC home microgrids energized by distributed  

 

 



                                                                                                                  
 

 

 

 
Design and Analysis of Solar PV Fed DC Micro Grid for Rural Electrification 9378 

 

 

        sources.", In Proceedings of The 7th International Power Electronics 

and    Motion ` Control Conference, vol. 3, pp. 2282-2286, 2012. 

[17]Starke, Michael, Leon M. Tolbert, and Burak Ozpineci. "AC vs. DC 

distribution: A loss comparison." In 2008 IEEE/PES Transmission and 

Distribution Conference and Exposition, 2008. 

[18]Sintupatsuk, Pongsakorn, Surin Khomfoi, and Prapart Paisuwanna. "A dc 

to dc multilevel modular capacitor clamped converter with electrical 

grounding isolation and bidirectional power flow for a dc microgrid 

application‖, 2012 9th International Conference on Electrical 

Engineering/Electronics, Computer, Telecommunications and 

Information Technology, 2012. 

[19]Patii, Devendra, Akshay K. Rathore, Dipti Srinivasan, and Sanjib K. 

Panda. "High-frequency soft-switching LCC resonant current-fed 

DC/DC converter with high voltage gain for DC microgrid application." 

In IECON 2014-40th Annual Conference of the IEEE Industrial 

Electronics Society, pp. 4293-4299, 2014. 

[20]Kolahian, Pouya, Hadi Tarzamni, Amir Nikafrooz, and Mohsen Hamzeh. 

"Multi-port DC–DC converter for bipolar medium voltage DC micro-

grid applications‖,  IET Power Electronics, vol. 12, no. 7, pp. 1841-1849, 

2019. 

 

 

Biographies  
 

 
  

M. Sai Krishna Reddy, Research Scholar, SELECT, VIT University, 

Vellore, India. 

 
D. Elangovan,Associate Professor, SELECT, VIT University, Vellore, India.

 

 




