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Abstract— Net energy analysis for a grid-

connected photovoltaic (PV) solar-powered 
supermarket in Port Harcourt city is studied. 
Basically, in grid-connected PV power system, the 
difference in the imported energy from the grid 
and the exported energy to the national power 
grid is used to compute the net energy, which can 
be surplus, deficit or net zero when the two 
energy parameters values are equal. In this paper, 
net energy analysis is done for a supermarket that 
has daily energy demand of 23.5 kWh per day. The 
mathematical expressions for the net energy 
analysis are presented and the simulation for the 
net energy analysis was implemented using 
PVSyst software. In all, the results show that the 
annual load demand is 8,559.6 kWh while the 
annual energy supplied from the PV power source 
to the load is 8,411.2 kWh which gives annual 
deficit energy of 148.4 kWh. This deficit energy is 
supplied from the grid. However, the annual 
excess energy generated by the PV power source 
is equal to the annual energy injected to the grid 
which is 32,403 kWh. Hence the annual net energy 
of the entire PV power system is 32,254.6 kWh.  
Essentially, the energy generated from the PV 
array is in excess of the load demand. Hence, 
greater portion of the energy generated from the 
PV is injected to the grid. 

Keywords— Net energy, solar fraction,  grid-
connected, photovoltaic, solar powered , net zero 
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1.  INTRODUCTION 
Today, the power industry has undergone tremendous 
transformations. Democratization of energy production 
and the emergence of net metering has given the 
consumers the opportunity to produce, consume, connect 
to the grid with the ability to export and import energy 
based on the net energy at the consumer site 
[1,2,3,4,5,6,7,8,9,10,11]. Basically, net metering 
technology allow the consumer to connect to the national 
power grid from which the consumer can import energy 
to meet its load demand [12,13,14,15,16,17]. At the same 
time, the net meter allows the consumer to produce 
energy locally and export to the grid 

[18,19,20,21,22,23,24,25]. In that case, the consumer 
pays for the net energy; if the imported energy is more 
than the exported energy, otherwise the grid will be the 
one to pay the consumer for the excess energy exported 
to the grid from the consumer site.  
In this paper, the focus is analysis of the net energy 
situation that can arise when the local energy source at 
the consumer site is from photovoltaic solar system. 
Nowadays, solar power has gotten much prominence in 
Nigeria due to the perennial challenges of power supply 
from the national grid [26,27, 28,29, 30,31, 32,33, 34,35, 
36, 37]. Also, solar power is green power and there is  
steady decrease in the PV system components cost 
[38,39, 40,41, 42,43, 44,45, 46, 47, 48,49,50,51,52,53]. 
As such, cost benefit is part of the driving factors for the 
adoption of PV solar power.  
In any case, in order to setup a solar power system, 
appropriate component size selection is essential and 
there are some mathematical expressions for determining 
the PV system component sizes. Hence, in this paper, the 
requisite mathematical expressions for the analysis are 
presented along with the requisite load data and 
meteorological data for case study consumer site.  The 
PVSyst renewable energy system simulation software is 
used to implement the analysis.  

 
2 METHODOLOGY 

 
2.1 The mathematical model for net energy PV power 

system 
In grid-connected PV power system, the difference in the 
imported energy from the grid and the exported energy to 
the national power grid is used to compute the net energy, 
which can be surplus, deficit or net zero when the two 
energy parameters values are equal. Let Eୈୈ represent the 
energy demand per day and Eଢ଼ୈ  represent the energy 
demand per year, then; 

Eଢ଼ୈ ൌ 365ሺEୈୈሻ     (1) 
The study considered a supermarket daily electric energy 
demand profile which is shown in Table 1. Let 
𝐸ௐ௣  represent  the individual PV module peak power 
rating in kW, 𝑁௉௏  represent  the number of PV module 
used in the power system, PSH represent  the daily peak 
sun hour, and 𝑓௉௏_ௗ௘௥௔௧  represents the PV module 
derating factor, and 𝐸௉௏஺  represent  the PV array energy 
production  per year, then; 
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4  CONCLUSION 
The analysis of the net energy of a photovoltaic solar power 
system that is connected to the national grid is presented. 
The analysis was done using PVSyst simulation software. 
The energy load profile is based on the electrical appliance 
in a case study supermarket.  Based on the computed load 
demand and the meteorological data of the case study 
location, the PVSyst software was used to select the 
requisite components of the PV power supply system and 
also to simulate the operation and energy output of the 
system. In all, based on the simulation results, the energy 
generated from the PV array is in excess of the load 
demand. As such greater portion of the energy generated 
from the PV is injected to the grid.  
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