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ABSTRACT In many developing countries, meeting the energy demand has become a major 
challenge. Such problem is more prominent in rural and remote areas of the country. The load 
requirements in these areas are less and the same can be addressed with renewable energy 
sources. The proposed work deals with aMPPT based standalone PV system using a priority 
controller. The systemcan be used to meet out the critical load demands in rural areas. Due to 
change in weather conditions, an unregulated outputin PV array is observed. Hence, 
maximum power is tracked using a DC-DC converter, where the tracked data iswith respect to 
temperature and irradiance levels. To acquire the maximum power point (MPP), an 
incremental conductance (IC) algorithm is employed and it is executed by controlling the duty 
cycle of DC-DC boost convertor.Thus, the attainment of energy management in loads and 
battery storage is supported by priority load control algorithm. The proposed system assures 
better energy management and supplies energy for critical loads.  The entire system has been 
simulated and validated using MATLAB/SIMULINK. 

INDEX TERMS Photovoltaic, MPPT Algorithm, Converters, Priority Controller, Load   
Management, Standalone System        

1. INTRODUCTION 
 
The world without electricity is unimaginable. In a residential system,electricalenergy is necessary for various applications 
namely lighting, heating,refrigeration,cooking,washing,entertainment etc.,In industrial sector,electrical energy is utilized for 
operating various machineries [1][2]. The demand for electricity to a new user in a day-to-day basis is increasing rapidly 
and nearly, 2.1% increase in demand per year had been noticed. This drastic change is mainly due to global energy 
demand[3] and technological advancements in various sectors [4]. In conventional method, electrical energy is produced by 
the direct combustion of carbonaceous materials namely coal,oiland natural gas. These raw materials getdepleted every day 
[5]. Thus, dependency of any system on fossil fuels has become unreliable. Apart from these issues, fossil fuels are themajor 
cause for global warming andhazardous to the environment. Thus, there emerges a need for search of alternative sources 
towards addressing global warming problem as well as energy demand gap. 
 
Solar,wind,geothermal,hydro and biofuels are the various alternative sources of energies [6]. Among these, the abundantly 
available energy source in across all parts of the world is solar energy[7]. Low capital investment and maintenance cost are 
the benefits of solar based system compared to other renewable energy-based systems[8]. Solar panels can be even set up in 
the roof top and hence, more land is not required for smaller applications [9].Some of the recent advancements are floating 
solar farms or photovoltaics[10][11],Building Integrated Photovoltaics (BIPV) solar technology[12][13],Solar skins,Solar 
fabric [14],Space based solar etc.Grid-tied systems,Off- grid systems and Hybrid systems are the various options of solar 
power generation methods.In rural areas, particularly forest, mountain or islands that are far away from national or regional 
grid faces several power issues and lack of grid infrastructure.Also, the cost of such infrastructure development becomes 
costlier [15][16][17].In such regions adopting off grid systems provides a cost effective, flexible solution when compared to 
grid connected system [18].Uncertainties in weather, low solar irradiance
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, capital investment, energy storage are the major challenges associated with solar energy based off grid systems. 
 
The proposed standalone system comprises of an array of photovoltaic cell ,charge controller,converter,battery bank, 
inverter,DC and AC loads[17].The charge controller regulates flow ofpower from panel to load, prevent battery from 
overcharging and discharging. At every instant, the maximum power point is tracked by MPPT and thus system efficiency 
gets increased. This further minimizethe complexity of the system[19],[21].Switching signals are produced for converter 
using the duty cycle produced by MPPT controller.  
The solar PV works at optimal current and voltage, which is used for extracting maximum power by converter. The 
significance of power electronics support for a standalone PVsystem [20] is also vital for improving its performance. The 
need for battery in such system is to store excess energy produced by panels during daytimeandmanage the loads at 
nighttime [22]. 
 
Loads can be either DC or AC or both.In case of DC loads,the system is simple as dc output is directly supplied to load. But 
in case of AC load, the complexity increases as there is need of inverters for DC - AC conversion.The challenges in 
standalone system are load management, inefficient appliances and control coordination between solar, load and battery. 
Apart from these, instability issues are also noticed due to peak power at starting condition,reactive power and harmonic 
distortion [23]. Power generation in a solar based system gets affected by various environmental conditions and hence all 
loads cannot be supplied at all times.Therefore, a need for load management system becomes vital [24]. 
 
A standalone photo voltaic battery system with charge controller and inverter is proposed in [25], where loads have been 
categorized. In this, critical and non-critical loads are further used in [25].Priority rule-based load management technique is 
adopted. A high level of priority is assigned to the critical loads, while other loads cannot be operated in user’s preferred 
time period.A priority load control algorithm for standalone PV system with battery bank is discussed in [26], where the 
optimal energy management is achieved between battery and available loads. These guarantees supply for critical loads and 
also provide better reliability. 
 
An intelligent residential energy management systemhas been proposed [27] for smart buidlings, where analgorithm is 
developed for load scheduling with batteries to reduce electricity bills as well as for effective utilization of renewable 
energy.A hybrid system with ON and OFF grid operation is developed with inverter capable of operating in both on-grid 
and off-grid [28] where power management unit is designed to provide effective energy transfer to loads,battery and grid 
while increasing efficiency up to 10% rate. 

2. RESEARCH GAP 
Although various priority rule-based algorithms have been implemented for load management, the user faces several issues 
related to load switching. Critical loads have been assigned higher priority and minimum consideration is provided tosupply 
non-critical loads.In current scenario, satisfying the energy demand for combination of various loads is yet to be addressed. 
 
Based on the application requirement, loads can be selected. In this work, loads of a Primary Health Center has been 
considered for analysis because it is one of the major areas that require high level of attention in our society. Primary health 
centerplaysaimportant role in supporting people in rural area with medical assistance. The survey conducted among the 
various primary health centers in Madurai, Tamil Nadu, India helped to identify the problems faced by these centers namely 
patient diagnosis, vaccine storage etc due to power interruption. To address the research gap, a system has been proposed 
which comprises a standalone PV system with MPPT (Incremental conductance algorithm and boost converter),a priority 
controller for load management. 
 
The user’s demand is considered as the major input and control signals are generated to switch the loads between PV 
module and battery based on the available power.Various load combinations are consideredfor designing the priority 
controller and this will supply both critical and non-critical loads based on load priority and user requirement. The proposed 
system is implemented using MATLAB- SIMULINK.In this work, four loads have been considered,thus sixteen load 
combinations are simulated.Based on the available power from PV array and battery state of charge (SOC), loads are 
switched between PV and battery. 

3. METHODOLOGY 
In this system, PV is used as the primary source and battery for energy back-up as illustrated in Figure 1. A boost converter 
interfaces PV array with load for extracting maximum power from the panel. There are few vital factors that determine 
maximum power of a PV panel, such as solar irradiation, ambient temperature and cell temperature.Among the various 

available MPPT techniques, Incremental conductance algorithm is used due to accuracy and faster response. Maximum 
power point is calculated by comparing incremental conductance (ΔI / ΔV) with PV array conductance (I/V) as shown in 
Figure 2.   
 

 
 

FIGURE 1.Block diagram of the proposed Standalone PV system 

 
4. INCREMENTAL CONDUCTANCE ALGORITHM FLOW CHART 
A priority controller is designed in MATLAB Simulink, and it supports to manage the power requirement of both critical 
and noncritical loads depending upon the user’s demand. System specifications are highlighted in Table 1. Simulink  
 
model of the PV standalone system is shown in Figure3. The standard value of PV panel irradiation and temperature is set 
to 1000W/m² and 25ºC respectively. Incremental conductance algorithm fixes the maximum power with required duty cycle 
to generate PWM signal and the same is fed to IGBT switches of the boost converter.
 

 
 

FIGURE 2. MPPT Incremental Conductance algorithm 
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TABLE 1 
SYSTEM SPECIFICATIONS 

 
S.NO COMPONENTS RATING 
1 PV ARRAY 

 
Short circuit current(A) 7.84 
Open circuit voltage(V) 36.3 
Maximum power(W) 213 
Parallel strings 2 
Series-connected modules per string 2 

2 CONVERTOR Input voltage 60 V 
Output voltage 130 V 
Output current 5 A 
Switching frequency 7kHz 
Inductor 2.1 mH 
Capacitor 100 µF 

3 LOADS OT light(250W) 57.6 Ω 
Refrigerator(100W) 144 Ω 
Electric Kettle(150W) 96 Ω 
Fan(40W) 360 Ω 

5. RESULTS AND DISCUSSION 

 
FIGURE 3.PV Standalone System Simulink Model 

 
The loads in system are categorized as critical and non-critical, where l1,l2,l3,l4 are critical loads as highlighted in Figure 5. 
Under all situations, supply need to be provided to all critical loads. The input power is obtained through MPPT voltage and 
current and is represented as P. The Battery State of Charge  
 
is denoted by SOC.  The establishment of battery connection to panel depends on SOC level. When SOC is greater than 
95% then the battery is disconnected from panel, else battery gets charged through the panel. This connection establishment 
is determined by the output side parameter B. 

 
 

FIGURE4(a)Panel voltage,(b)Panel current,(c)MPPT voltage,(d)MPPT current.
From Figure 4(a) to (d), it is evident that the deployment of incremental conductance algorithm tracks the available 
maximum power and hence converter voltage is boosted. 
 
To start with, initially the system is simulated with solar irradiance of 700W/m². The power obtained for the given 
irradiance is 403.5W. For this generated power, the loads l1,l2 and l3 are alone connected to the panel and is shown in 
Figure 5. 
 

 
FIGURE5. Priority controller with solar irradiance 700W/m² 

 

 
FIGURE6. Priority controller with solar irradiance 1000W/m² 

 
Similarly, for solar irradiance of 1000W/m²,568 W poweris observed. For this power output, the loads l1,l2, l3 and l4 are 
alone connected to panel.Under such condition load l5,l6 are not connected to the paneland is represented in Figure 6. The 
inference made from simulation results emphasizes the inflexibility in load switching and hence user’s input for load 
management needs to be considered. This creates flexibility at user end, and it can be implemented by using modified 
priority controller. Such modified version of priority controller enables user to turn on or off any loads at any time 
according to their demand. Four loads are chosen for analysis have been listed in Table2, using these 16 load combinations 
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have been created and is specified in Table3.The modified priority controller can work under any of these load 
combinations. All the 16 load combinations are tested through simulation. 
To analyze the system, four loads namely operation theatre light, refrigerator, electric kettle and fan have been considered 
and are shown in Table2. Using these four loads, 16 load combinations have been created to examine the modified priority 
controller performance. The modified controller version has been simulated using solar irradiance of 500 W/m2.The 
controller output in load management has been listed out in Table 3. 
 
 

TABLEII 
LOAD DETAILS 

 
S.NO LOAD POWER(W) PRIORITY 
1. Operation Theatre Light 250 1 
2. Refrigeration 100 2 
3. Electric kettle 150 3 
4. Fan 40 4 

 

TABLEIII 
 MODIFIED PRIORITY CONTROLLER OUTPUT FOR IRRADIATION: 500W/M² WITH AVAILABLE POWER: 280 

 
S.NO L1 L2 L3 L4 Total 

Power 
l1 l2 l3 l4 s1 s2 s3 s4 

1. 0 0 0 0 0 0 0 0 0 0 0 0 0 
2. 0 0 0 1 40 0 0 0 1 0 0 0 0 
3. 0 0 1 0 150 0 0 1 0 0 0 0 0 

4. 0 0 1 1 190 0 0 1 1 0 0 0 0 

5. 0 1 0 0 100 0 1 0 0 0 0 0 0 

6. 0 1 0 1 140 0 1 0 1 0 0 0 0 

7. 0 1 1 0 250 0 1 1 0 0 0 0 0 

8. 0 1 1 1 290 0 1 1 0 0 0 0 1 

9. 1 0 0 0 250 1 0 0 0 0 0 0 0 

10. 1 0 0 1 290 1 0 0 0 0 0 0 1 

11. 1 0 1 0 400 1 0 0 0 0 0 1 0 

12. 1 0 1 1 440 1 0 0 0 0 0 1 1 

13. 1 1 0 0 350 1 0 0 0 0 1 0 0 

14. 1 1 0 1 390 1 0 0 0 0 1 0 1 

15. 1 1 1 0 500 1 0 0 0 0 1 1 0 

16. 1 1 1 1 540 1 0 0 0 0 1 1 0 

 
 

 
 

FIGURE7.Output of modified priority controller with solar irradiance 1000W/m² 
The modified priority controller block is shown in Figure7 has been simulated using solar irradiance of 1000W/m², where 
570.32 W input power is obtained from the MPPT voltage and current is represented as P and S represents the battery State 
of Charge (SOC).The user inputs are denoted as L1, L2, L3, L4 as noted in Table 3 which can be either 0 or 1 representing 
OFF or ON condition of the loads respectively. Users have the flexibility of turning ON  
or OFF any load at any time. Based on SOC level, the load can be connected either to panel or battery. To turn ON all the 
loads, 540 W is required but generated power is 570.32 W. Hence the entire loads can be supplied from panel and usage of 
battery can be neglected. This load management is shown in Figure 7. 
 

 
FIGURE8. Output of modified priority controller with solar irradiance 700W/m² 

 
Similarly, for solar irradiance of 700W/m², the power obtained is 403.52 W, which is insufficient to supply all loads at a 
time. The load priority L1>L2>L3>L4 is observed from Table 2. Based on this, loads L1, L2, L4 are connected to panel 
while load L3 is  
 
 
connected to battery as represented in Figure 8. For solar irradiance of 500W/m², the power obtained is 275.79 W. Figure 9 
shows the load management where load L1 alone is connected to panel while load L2, L3 are connected to battery and L4 is 
disconnected from the system. 
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FIGURE 9. Output of modified priority controller with solar irradiance 500W/m² 
 

 
FIGURE10. Modified priority controller with irradiance 300W/m² 

For the irradiance value of 300W/m²,the power obtained is around 166.6W.This power cannot supply all the four loads,thus  
the loads L2,L4  are connected to panel and the loads L1, L3 are connected to battery as represented in Figure 10. 
 

 
FIGURE11. Modified priority controller with solar irradiance 500W/m² 

 
For a solar irradiance of 500W/m², generated power is 275.79 W. By considering the user    requirement, 3 loads have been 
managed using modified priority  
 
controller. Simulated results shown in Figure 11 have been validated with data in Table 3. 
 

 

FIGURE12. Modified priority controller with irradiance 500W/m² 
 

When the user demand is only 2 loads with solar irradiance of 500W/m² and 275.79 Wpowergenerated, the modified 
priority controller connects L1 to panel and L3 to battery. The obtained simulation results match with expected results 
shown in Table 3. 

6. MODIFIED PRIORITY CONTROLLER 
During the daytime, the loads can be connected to panel or battery based on power generation and priority. During 
nighttime when the generation is Nil, the only source available is battery. The 16 different combinations of loads are taken 
into account in the night time scenario and are switched on or off according to the battery State of charge (SOC). 
 
 

TABLEIV 
EXPECTED RESULTS COMBINATIONS OF LOAD AND SOC 

 
Irradiation: 0W/m²       Power available: 0 
 

S.NO L1 L2 L3 L4 Battery Range 
SOC (%) 

s1 s2 s3 s4 

1. 0 0 0 0 0-100 0 0 0 0 
2. 0 0 0 1 ≥20 0 0 0 1 
3. 0 0 1 0 ≥20 0 0 1 0 
4. 0 0 1 1 ≥40 

20-39 
0 0 1 1 
0 0 1 0 

5. 0 1 0 0 ≥20 0 1 0 0 
6. 0 1 0 1 ≥40 

20-39 
0 1 0 1 
0 1 0 0 

7. 0 1 1 0 ≥40 
20-39 

0 1 1 0 
0 1 0 0 

8. 0 1 1 1 ≥60 
40-59 
20-39 

0 1 1 1 
0 1 1 0 
0 1 0 0 

9. 1 0 0 0 ≥20 1 0 0 0 
10. 1 0 0 1 ≥40 

20-39 
1 0 0 1 
1 0 0 0 

11. 1 0 1 0 ≥40 
20-39 

1 0 1 0 
1 0 0 0 

12. 1 0 1 1 ≥60 
40-59 
20-39 

1 0 1 1 
1 0 1 0 
1 0 0 0 

13. 1 1 0 0 ≥40 
20-39 

1 1 0 0 
1 0 0 0 

14. 1 1 0 1 ≥60 
40-59 
20-39 

1 1 0 1 
1 1 0 0 
1 0 0 0 

15. 1 1` 1 0 ≥60 
40-59 
20-39 

1 1 1 0 
1 1 0 0 
1 0 0 0 

16. 1 1 1 1 ≥80 
60-79 
40-59 
20-39 

1 1 1 1 
1 1 1 0 
1 1 0 0 
1 0 0 0 
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FIGURE11. Modified priority controller with solar irradiance 500W/m² 

 
For a solar irradiance of 500W/m², generated power is 275.79 W. By considering the user    requirement, 3 loads have been 
managed using modified priority  
 
controller. Simulated results shown in Figure 11 have been validated with data in Table 3. 
 

 

FIGURE12. Modified priority controller with irradiance 500W/m² 
 

When the user demand is only 2 loads with solar irradiance of 500W/m² and 275.79 Wpowergenerated, the modified 
priority controller connects L1 to panel and L3 to battery. The obtained simulation results match with expected results 
shown in Table 3. 

6. MODIFIED PRIORITY CONTROLLER 
During the daytime, the loads can be connected to panel or battery based on power generation and priority. During 
nighttime when the generation is Nil, the only source available is battery. The 16 different combinations of loads are taken 
into account in the night time scenario and are switched on or off according to the battery State of charge (SOC). 
 
 

TABLEIV 
EXPECTED RESULTS COMBINATIONS OF LOAD AND SOC 

 
Irradiation: 0W/m²       Power available: 0 
 

S.NO L1 L2 L3 L4 Battery Range 
SOC (%) 

s1 s2 s3 s4 

1. 0 0 0 0 0-100 0 0 0 0 
2. 0 0 0 1 ≥20 0 0 0 1 
3. 0 0 1 0 ≥20 0 0 1 0 
4. 0 0 1 1 ≥40 

20-39 
0 0 1 1 
0 0 1 0 

5. 0 1 0 0 ≥20 0 1 0 0 
6. 0 1 0 1 ≥40 

20-39 
0 1 0 1 
0 1 0 0 

7. 0 1 1 0 ≥40 
20-39 

0 1 1 0 
0 1 0 0 

8. 0 1 1 1 ≥60 
40-59 
20-39 

0 1 1 1 
0 1 1 0 
0 1 0 0 

9. 1 0 0 0 ≥20 1 0 0 0 
10. 1 0 0 1 ≥40 

20-39 
1 0 0 1 
1 0 0 0 

11. 1 0 1 0 ≥40 
20-39 

1 0 1 0 
1 0 0 0 

12. 1 0 1 1 ≥60 
40-59 
20-39 

1 0 1 1 
1 0 1 0 
1 0 0 0 

13. 1 1 0 0 ≥40 
20-39 

1 1 0 0 
1 0 0 0 

14. 1 1 0 1 ≥60 
40-59 
20-39 

1 1 0 1 
1 1 0 0 
1 0 0 0 

15. 1 1` 1 0 ≥60 
40-59 
20-39 

1 1 1 0 
1 1 0 0 
1 0 0 0 

16. 1 1 1 1 ≥80 
60-79 
40-59 
20-39 

1 1 1 1 
1 1 1 0 
1 1 0 0 
1 0 0 0 
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All possible combinations of load and SOC are simulated, and the outputs are tabulated in the Table4. User input of 3 loads 
is considered and battery SOC is varied, simulated and the outputs obtained are shown in Fig.11 –Fig.14. The outputs 
obtained are compared with the expected results in Table4, and both are same. Here the user chooses 3 loads such as L1, L2 
and L4 to be in ON state. 

 
FIGURE13. Modified priority controller with irradiance 0W/m² and SOC 90% 

 
When the user demand is only 3 loads, irradiance is 0W/m² and the SOC is 90%, all three loads are connected to the battery 
as shown in Figure 11,  
 
 
because the code is written such that if SOC is greater than 60%, the battery could supply 3 loads. The obtained result as 
shown in Figure 13 is the same as the result expected in Table3. 

 
 

FIGURE14. Modified priority controller with irradiance 0W/m² and SOC 70% 
 

When the user demand is only 3 loads, irradiance is 0W/m² and the SOC is 70%, all three loads are  
 
 
connected to the battery as shown in Figure 12.The obtained result as shown in Figure 14 is the same as the result expected 
in Table3. 

 
FIGURE15. Modified priority controller with irradiance 0W/m² and SOC 50% 

 

When the user demand is only 3 loads, irradiance is 0W/m² and the SOC is 50%, according to the code, only prioritized 2 
loads can be connected to the  
 
battery and the 3rd load is not connected as shown in Figure 13.The obtained result as shown in Figure 15 is the same as the 
result expected in Table3. 

 
 

FIGURE16. Modified priority controller with irradiance 0W/m² and SOC 30% 

When the user demand is only 3 loads, irradiance is 0W/m² and the SOC is 30%, according to the code, only top prioritized 
load can be connected to the battery and the other loads are not connected as shown in Figure13.The obtained result as 
shown in Figure 16 is the same as the result expected in Table3.Thus all the 16 different load combinations are executed and 
verified with the values in the Table3. The results are compared with the Table values and the outcome is obtained 
successfully. 

7. CONCLUSION 
The proposed system can provide solution to power related problems encountered by Primary Health Care Centers. The PV 
standalone system with priority and modified priority controller results have been validated against four standards load that 
are used in Primary Health Centers. In conventional method, the user requirements in switching the loads were not 
considered and hence priority loads alone were managed. Inference made from simulation results highlighted the 
inflexibility in load switching. To create flexibility at user end, a modified priority controller has been proposed, which 
incorporates user requirements during load management. The implementation of novel priority controller algorithm supports 
in managing both critical and noncritical load at any time. The developed algorithm can be implemented to any standalone 
system. 
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