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Abstract— DC microgrid can work in 
autonomous or grid-connected modes. In 
autonomous mode, there is need of energy 
storage medium such as battery to store the 
excess electricity along with the load feeding that 
increases the additional cost. Whereas, in grid-
connected mode the excess electricity can be 
exported to the mains-grid to earn the profit 
through net-metering. In this study, an application 
of DC microgrid based on photovoltaic (PV) 
generator to meet the load demand of a typical 
school is reported. In schools, the major load 
demand occurs in the day time during working 
days while load demand decreases during night 
time, weekends, summer and winter vacations. 
The load demand also vary according to the 
seasons such as summer and winter. Therefore, 
surplus PV power is available to export to mains-
grid and earn profit. In day time, if PV is more than 
load demand then the excess PV electricity is fed 
to the mains-grid and if PV is not sufficient to 
supply load then deficit power is imported from 
the mains-grid. The performance analysis of DC 
microgrid is done for various operating load 
profiles according to different seasons such as 
summer and winter using the Hybrid Optimization 
Model for Electric Renewables (HOMER) software. 
The results shows that the net-metering approach 
for the school load application provides 
economically viable approach. 
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I.  INTRODUCTION  

In India more than 75% population lives in rural 
areas. More than 43% rural households uses kerosene 
to light their houses. Approximately 21138 village (4%) 
are deprived of electricity [1]. More than 85% people in 
rural areas uses wood, cow dung, crop residue as 

primary energy sources to meet energy demand. The 
main reason of this, electricity infrastructure is 
unavailable or very weak to these remote locations. 
Deen Dayal Upadhyaya Gram Jyoti Yojana scheme is 
launched by Government of India to electrify the rural 
India [2]. Ministry of New and Renewable Energy 
(MNRE) started the Jawaharlal Nehru National Solar 
Mission (JNNSM) to supply 100 GW electricity demand 
by on- grid or off-grid solar photovoltaic (SPV) system 
by 2020. MNRE has started an initiative program to 
develop the DC microgrid activities in India [3, 4].  

      Microgrid is a small scale electric grid than can 
provide power to the local load in conjunction with the 
mains grid or autonomously. It consists of renewable 
power generators such as PV, fuel cell, biomass etc. 
along with storage medium and the grid connectivity. 
However, the microgrid can be categorized in two 
sections: AC microgrid or the DC microgrid [5]. In 
recent years, DC microgrid is gaining popularity 
because of the higher system efficiency, less 
complexity, reduction in the multiple power converter 
stages compared to that as in the AC microgrid [6, 7]. 
In application of AC power to meet the household load 
demand, major loads such as LED light loads and 
power electronic devices have multiple power 
conversion stages which reduce the overall system 
efficiency. This multistage conversion losses can be 
reduced by using DC power supply [8]. In present 
scenario, most of the loads i.e. LED lights, 
computer/mobile charging etc. are inherently DC in 
nature. Therefore, these loads can be supplied by the 
use of DC microgrid [9]. The use of microgrid gives the 
flexibility to meet the load locally in the areas where 
there is no access of electricity and also where there is 
access of mains-grid. DC microgrid can operate in 
different modes such as standalone, grid-connected 
and hybrid AC-DC modes according to working load 
requirement [10]. Several studies has been performed 
for sizing and designing of AC, DC and hybrid AC-DC 
microgrid in simulation domain [11-14].  

In this paper, the study is done on DC microgrid 
application for a typical school load demand. The DC 
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microgrid is designed with the grid-connectivity using 
solar PV as power generator. If there is excess PV 
production then excess electricity is fed to the grid.  In 
case of PV power is not available or insufficient than 
load is met by the grid. The simulation study of grid-
connected DC microgrid is done using Hybrid 
Optimization Model for Electric Renewables (HOMER) 
software. HOMER simulation tool is developed by the 
national renewable energy laboratory (NREL) that is 
used in designing, sizing, and techno-economic 
evaluation of renewable power generators based 
microgrid [15]. Present study shows the techno-
economic feasibility of PV based DC microgrid for a 
typical school for different load profiles according to 
academic seasons. Profit earn aspects is also 
captured, using the net metering concept in such type 
of microgrid for school load demand. The payback 
period of the system is also evaluated in order to 
assess the economic effectiveness of the system. The 
electricity exported to the mains grid after payback 
period is used to earn the net profit. 

      The present study is summarized in following 
manner. Section II and III gives the system description 
and results and discussion respectively. A 
comprehensive conclusion of the study is discussed in 
section IV. 

II.   DC MICROGRID SYSTEM 

      The DC microgrid system is designed and studied 
for a typical school load application for Roorkee 
(29051.3’N, 77053.3’E), India location. Due to minimal 
night load requirement in a typical school, the energy 
storage medium can be eliminated. Thus, surplus PV 
electricity can be exported to grid to earn profit. 
Therefore, in present study, grid-connected DC 
microgrid is designed using PV as primary power 
source. The load demand in a school is maximum 
during the summer months (excluding the summer 
vacations in May-June). While during winter time load 
demand decreases as compared to summer load 
demand.  The schematic diagram of the grid-
connected DC microgrid is shown in Fig.1. 
 

 
 

Fig.1 schematic of the grid-connected DC microgrid 
 

PV modules produces the DC electricity during the 
daytime using the incident solar irradiance. The output 
of PV system is supplied to the load via. DC bus. 
Export and import of grid power during the excess and 

deficit PV power respectively is facilitated by the bi-
directional inverter. 

A.  School load profile 

The school taken in this study have one principal and 
staff room, 14 classrooms, one computer lab, and one 
office room. There are also other loads such as street, 
corridor lights and drinking water pump motor. The 
major loads are used LED lights, fans, air-conditioner 
for principal room and computer lab and motor for 
drinking water application. In present study, these load 
are operated at DC power. The total requirement and 
rating of DC load is shown in Table I 

Table I.  SPECIFICATION OF DC LOADS 

 

Load Power 
(W) 

Quantity  Total power  
(W) 

LED light  16 70 1120  

Fan  24 39 936  

Air-
conditioner  

1000  2 2000   

Computer  60  10 600  

Motor 500  1 500  

Total load   5156  
 

 
The load profiles for a typical day in summer, winter 
and vacation months are shown in Fig.2, Fig.3 and 
Fig.4 respectively.  
 
 

 
Fig. 2 Load profile for a typical day in summer 

 
 

 
Fig. 3 Load profile for a typical day in winter 
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Fig. 4 Load profile for a typical day in vacation  

 

B. Resource data 

The solar radiation and temperature are taken from 
National Renewable Energy Lab Database and NASA 
Surface meteorology and solar energy database 
respectively [16], [17]. The resource data contains 
hourly weather data such as solar radiation and 
temperature etc. for a given latitude and longitude of a 
location. The global horizontal irradiance and hourly 
temperature are obtained for Roorkee, India location 
as shown in Fig.5 and Fig.6 respectively. 
 

 
Fig. 5 Monthly average daily radiation profile for a year 

 

 
Fig. 6 Monthly average daily temperature profile for a year 

III. RESULT AND DISCUSSION 

The HOMER simulation results for the present DC 
microgrid system is explained as: 

The variation in the load demand throughout the 
year is shown in the Fig.7. It can be seen that the 
maximum load demand occurs during the summer 
months. However, the load demand is lesser during 
winter and vacations months as compared to the 

working summer months. Peak load demand is found 
to be ≈ 5.2 kW. 

 

 

Fig. 7 Yearly load variation 

 

Fig. 8 Yearly PV power production 

The yearly power production by the PV system is 
shown in the Fig. 8. The PV power production from the 
PV system is obtained at maximum power point 
(MPP).  The electricity unit generated by the PV 
system is more during months i.e. March, April, May, 
September and October. It is because, received solar 
irradiance is more during these months as shown in 
Fig.5.  While PV electricity production is lesser during 
the months i.e. January, February, November, 
December as received solar irradiance is lesser.  
However, PV electricity production is also lesser during 
months such as July to September. Irradiance is 
higher during these months but due to rains, average 
PV electricity production is lesser. Maximum power 
produced by the PV system is ≈ 7. 2 kW. 

The yearly power exported to the grid from the PV 
system is shown in the Fig.9. As it has been shown the 
yearly load demand and PV power production 
therefore, excess PV electricity is exported to the 
mains grid. As maximum excess PV power occurs 
during the summer vacation months because PV 
electricity production is higher and load demand is 
minimum. Therefore, maximum electricity is exported 
to the grid to earn the profit. Net metering concept 
shows the suitable application in such cases to earn 
the maximum profit with present scenario. 
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Fig. 9 Yearly power sold to grid 

 

 

Fig. 10 Yearly power purchased from the grid 

      The electricity imported from the mains grid 
throughout the year is shown by Fig. 10. Electricity 
imported from the mains grid is maximum during the 
rainy months i.e. July to September as PV electricity 
production is lesser. Therefore, electricity is imported 
from the main grid to supply the required load demand 
in absence of sufficient PV power. However, there is 
need of electricity import from the mains grid 
throughout the year as there is requirement of lights 
load in street and corridor during the night time when 
PV power is unavailable. 

A comprehensive analysis of DC microgrid 
performance for throughout the year is given in the 
Table II. The optimized PV capacity for different load 
profiles is obtained ≈ 7.5 kW from the HOMER 
simulation results.  The average electricity output per 
diem is ≈34 kWh. As PV electricity production (12574 
kWh) is higher than total load demand (5215 kWh) 
therefore, there is possibility to export the excess 
electricity to the mains grid. Net yearly electricity export 
to grid is 7359 kWh. In order to export the power to the 
grid, the rating of inverter is optimized to 4.5 kW. 
However, there are the losses associated in the 
inverter and rectifier which is 5. 2 % of total electricity 
exported to main grid in year.  For a year span these 
losses have significant amount and for system 
designer, these losses are very important to be 
considered. These losses can be reduced by adopting 
highly efficient inverter-rectifier technology. 

      Present DC microgrid shows the promising 
sustainable development by reducing the harmful 
emission to meet the load demand. If the entire load 
demand is met by the grid electricity then 
corresponding CO2 emission is 3296 kg. However, 

these emissions are reduced up to 2564 kg CO2 by 
on-site electricity generation by PV generator. The 
emissions associated with the imported electricity from 
the mains grid in absence of PV are 732 kg CO2, 3.17 
kg SOx and 1.55 kg NOx per year. 

      Table III gives the amount of net profit earned in 
present microgrid system. The payback period and 
LCoE are calculated 12 years and ₹ 8.5 respectively. 
The net electricity units sold to grid after payback 
period are 95667 kWh (considering the total life span 
of system is 25 years). Therefore, total profit earned in 
present study is ₹ 813169. For simplicity of the earned 
profit calculation, the electricity tariff of exported 
energy to grid is considered equivalent to the LCoE. 

Table II ANNUAL DC MICROGRID PERFORMANCE 

Load requirement   

Total load consumption 5215 kWh per 
year 

Flat plate solar photovoltaic   

Rated Capacity  7.5 kW 

Mean output  34.5 kWh/day 

Total production  12574 
kWh/year 

Grid  

Annual energy sold 8517 kWh 

Annual energy purchased  1158 kWh 

Bidirectional Inverter losses  

Rated capacity  4.5 kW 

Inverter hours of operation  3708 hrs/year 

Rectifier hours of operation 5052 hrs/year 

Inverter losses 448 kWh/year 

Rectifier losses 58 kWh/year 

Emissions (due to energy 
imported from grid) 

 

Carbon dioxide  732 kg/year 

Sulfur dioxide   3.17 kg/year 

Nitrogen oxides  1.55 kg/year 

Reduction in Emissions (Energy 
exported to grid) 

 

Reduction in Carbon dioxide 2564 kg/year 

 

Table III. EVALUATION OF EARNED PROFIT 

 

Parameters Value 

Payback period ≈ 12 years 

Net energy exported to the grid per 
year 

7359 kWh 

System Lifetime  25 years 

Levelized cost of electricity (LCoE) ₹ 8.5 

Years of profit 13 

Tariff* ₹ 8.5 

Earned profit ≈ ₹ 813169 

* considering per unit cost of electricity equivalent to LCoE 

IV. CONCLUSION 

Present study shows the application of DC microgrid 
based on the PV generator to meet the load demand 
of a typical school.  Energy storage system is 
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eliminated by incorporating the interface with the 
mains grid.  Performance analysis of such system 
throughout the year shows the variation in the load 
demand and PV electricity production that imposes 
the need of electricity import and export for 
maximizing the system performance not only 
energetic but economic point of view also.  PV 
electricity production is found to be maximum for 
summer months and decreases significantly during 
winter months for Roorkee, India location. Load profile 
of such typical school found to be maximum during 
the summer months and decrease considerably in 
winter months, however during vacations seasons 
load demand is very less. Therefore, this study shows 
that the application of PV generator to meet such 
school load demand has significant potential to earn 
the profit due to varying load profiles especially in 
vacations and winter seasons. The application of 
microgrid shows the reduction in the emission by 2564 
kg of CO2 per year. The calculated payback period is 
12 years. There are significant time (of 13 years) to 
meet the load demand at free of cost and for earning 
the profit in case of excess power generation. The 
total earned profit for the studied DC system is ≈ ₹ 
813169. Such kind of system not only reduce the 
need of energy storage system but also gives the 
more efficient and economical solution for schools in 
countries like India. 
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