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ABSTRACT 

In this paper an efficient solar power controller (SPC), 

suitable for real-time applications with reduced transmission 

loss is proposed. The power generated by solar panel is not 

constant and varies with the solar radiation. So, a battery is 

used as back-up. The proposed SPC can maintain constant 

power at the load end irrespective of solar radiation. This 

proposed SPC consists of two step-up DC-DC converters 

along with MPPT controllers and storage batteries. The DC-

DC converters act parallel and share a common load in order 

to maintain constant power at load end. One of the DC-DC 

converters is connected directly to the solar panel output 

terminal and the other DC-DC converter is directly connected 

to the terminals of storage batter. MPPT controllers extract 

maximum possible electric power from solar panel. The 

converter steps up solar panel output voltage, normally 

unregulated DC voltage to a regulated 125 V at the load end. 

The output voltage of the converter can be adjusted to any 

desired level between 20 V-250 V DC voltages, for different 

applications. Here, 125 V is selected as solar loads are 

available at this voltage and transmission line loss reduced 

significantly. The proposed controller provides constant 

power at constant terminal voltage (125V) and charges the 

battery when photo-voltaic (PV) generated power is greater 

than load requirements. During insufficient solar radiation or 

when panel output power is insufficient to maintain constant 

power at load end, the controller takes required power from 

the battery. This controller has almost constant efficiency 

about 87% at full load and reduces solar power transmission 

loss and overall cost of off-grid solar home system (SHS) for 

a multi-storied building.   

General Terms 

Efficient solar power controller, Reduced transmission power 

loss, Constant power at the load end irrespective of solar 

radiation, Storage battery, Regulated 125V, 87% efficiency at 

full load. 

Keywords 

Solar transmission power loss, Solar power controller (SPC), 

MPPT, Step-up DC-DC converter. 

1. INTRODUCTION 
One of the major concerns in the power sector is day-to-day 

increasing power demand but the unavailability of enough 

resources to meet the power demand using the conventional 

energy sources which utilizes fossil fuel like oil, coal, gas etc. 

The cost of fossil fuel increasing day-to-day as their stock 

becomes depleted. The continuous use of fossil fuels has 

caused the fossil fuel deposit to be reduced and has drastically 

affected the environment depleting the biosphere and 

cumulatively adding to global warming [1]. For this reason, 

demand has increased for renewable sources of energy to be 

utilized along with conventional systems to meet the energy 

demand.  

Solar energy is renewable, environmentally friendly and 

unlimited clean source of energy, effective utilization of solar 

energy can meet present and future demand of power. A PV 

module utilizes intensity of sunlight to produce electrical 

power. The problem involves, output power of a photo-voltaic 

(PV) module is not constant, and it varies with the variation of 

intensity of sunlight due to environmental conditions as well 

as man-made shading [2]. So, real-time utilization of solar 

energy and maintaining constant power from PV module is a 

challenge. Some application like solar water pump, solar 

powered electric vehicle   needs real-time energy and constant 

power. In this paper a power electronics based solar power 

controller is proposed that can overcome insufficient solar 

radiation problem caused by variation of position of sun and 

shading effect due to clouds, buildings, trees etc. and makes 

real-time solar energy utilization. Solar energy is abundantly 

available that has made it possible to harvest it and utilize it 

properly. Solar energy can be a standalone generating unit or 

can be a grid connected generating unit depending on the 

availability of a grid nearby. A grid connected system is 

connected to a large number of independent grid and feeds 

energy directly into the grid. The optimum power received 

from the solar panel can be shared by a residential or 

commercial building. In case of standalone generating unit 

solar energy can be used to power rural areas where the 

availability of grids is very low. Another advantage of using 

solar energy is the portable operation whenever wherever 

necessary [3]. It is considered as a clean and environment 

friendly source of energy. By utilizing solar energy properly, 

the scarcity of power and emission of greenhouse gas can be 

eliminated.  

In order to make efficient utilization of solar energy using PV 

module a lots of research work has been carried out. A cost-

effective MPPT system that can be directly integrated onto 

solar arrays has been presented [4]. A hybrid system for 

standalone solar application is presented in [5] which 

combines wind turbine and PV module. A battery less solar 

harvesting circuit for low power application has been 

presented in [6]. Reference [7] shows a directly water 

pumping system using solar module. Reference [8] presents a 

concept of Nano-grid which can be further aggregated in to 

Micro-grid. Battery is essential in standalone PV system 
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applications such as street lights.  Battery also helps to realize 

MPPT in standalone PV systems attributable to availability of 

storage to store excess power. A power conditioning unit is 

required to connect the battery with the PV source.  PV has 

very low efficiency, so to utilize the PV power completely, it 

is desirable to use high efficiency power conditioning unit for 

PV systems [9]. Electric Vehicles (EV) are an alternative to 

conventional fuel powered cars and are efficient, more 

reliable, significantly less complex, cost effective, and 

environment friendly. To overcome the limitations of the EV, 

a new concept called as Hybrid Electric Vehicle (HEV) is 

proposed in the field of vehicle technology. Different green 

energy sources such as solar - PV, wind, fuel cell, battery, 

ultra-capacitor etc., are highly utilized as a primary energy 

sources in the modern HEV [10]. The solar energy converted 

into electricity with the help of PV arrays. The low output 

from PV array is stepped up using high gain DC-DC 

converter. The conventional buck-boost converter can be used 

but the limitation on duty cycle makes high gain not possible 

and multilevel buck-boost converter is necessary [11]. 

In this paper a DC based SPC is designed and implemented 

for real-time applications, as inverter less system for off-grid 

application is more efficient [12] and DC loads are more 

efficient and it reduces the total size and cost of PV and 

battery [13]-[15].  

2. PROPOSED SOLAR POWER 

CONTROLLER (SPC) 
Maintaining constant power at the load end for real time 

application such as solar powered electric vehicles (SPEV), 

solar driven water pumps (SDWP) is the main difficulty in PV 

systems. Here, a SPC is proposed that can provide constant 

power at load end even when solar radiation is insufficient. 

The block diagram of the proposed SPC is shown in Fig. 1. 

2.1 Controller Configuration 
The proposed SPC consists of two DC-DC converters (boost 

converter) along with MPPT controllers and storage battery. 

Two DC-DC converter operate parallel and share a common 

load in order to maintain constant power at load end. Fig. 1 

shows the block diagram of the proposed SPC and the arrows 

shows the direction of power flow. Converter-1 acts as main 

source and converter-2 acts as backup source. Converter-1 is 

connected to MPPT controller which is connected to solar 

panel and converter-2 is connected to MPPT charge controller 

along with backup battery. 

 
Fig 1: Block-diagram of proposed SPC 

 

 

Table 1. Operation of Proposed SPC 

Battery 

status 

PPV > PLoad PPV < PLoad PPV = 

PLoad 

Vbat= Vbat_min 

 

Battery 

charging 

Battery idle 

 

Battery 

idle 

Vbat= Vbat_max Dummy 

load 

Battery 

discharging 

Battery 

idle 

Vbat_max > 

Vba > Vbat_min 

Battery 

charging 

Battery 

discharging 

Battery 

idle 

 

Lead acid batteries can be used due to their low cost and 

maintenance. Both of the DC-DC converters are designed for 

125V DC load applications. A control system has been 

included to adjust the SPC output voltage to any desired 

value. 

2.2 Controller Operation 
The controller provides regulated 125V DC terminal voltage 

at the load end under all environmental conditions. In the 

proposed SPC PV module acts as primary source and storage 

battery acts as backup source. The major operation of the 

proposed SPC, are as follows.  

1. When PV module power generation is higher than load 

requirements converter-1 remains in operation and drives the 

load connected to it. Converter-2 remains idle. The excess PV 

generated energy is stored in the battery. The charge 

controller controls charging and discharging operation of the 

battery. 

2. When PV module power generation is lower than load 

requirements converter-1 and converter-2 remains in 

operation and shares the load connected to it. Converter-2 

remains idle. The excess energy previously stored in the 

battery starts discharging. 

3. When PV module power generation is null, converter-2 

remains in operation and drives the load connected to it. 

Converter-1 remains idle. The excess energy previously stored 

in the battery starts discharging. The operation of the 

proposed SPC is shown in Table 1. 

3. PERFORMANCE ANALYSIS AND 

EXPERIMENTAL RESULTS 
DC-DC converters are the most important part of the 

proposed solar controller. DC-DC converter steps up the PV 

module terminal voltage which is normally unregulated to a 

regulated 125 V DC to drive 125 V DC loads. The voltage 

stepping capability and efficiency of the DC-DC converter 

determines the effectiveness of the proposed SPC. The DC-

DC converter is designed using fly-back topology as fly-back 

topology requires relatively less components and has better 

efficiency. Fig. 2 shows a simplified circuit-diagram of a fly-

back DC-DC converter. The performance of the DC-DC 

converter is first analyzed in Section 3.1, then the 

performance of the proposed solar power controller (SPC) is 

analyzed in Section 3.2. The DC-DC converters are designed 

to provide 125 V, terminal voltage 125 V is selected because 

DC LED lamps at different wattage rating are commercially 

available at 125 V and 125 V DC grid also exists. Due to 

voltage stepping line current reduces proportionally which 
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reduces line loss and enables long distance transmission of 

power from remotely located solar systems. 

 

 Fig 2: Fly-back DC-DC converter topology 

3.1 Performance Analysis of DC-DC 

Converter 
For the purpose of analyzing the designed step-up DC-DC 

converter the following experimental data as shown in Table 2 

has been taken. A variable DC power supply is used in this 

regard. These sets of data are then plotted in Fig. 3 and Fig. 4 

for the purpose of performance analysis. Fig. 3, shows 

graphically the relationship between converter input voltage 

and output voltage. From this figure it is seen that the 

designed converter provides 125 V regulated DC terminal 

voltage from unregulated DC input voltages ranging from DC 

8 V-16 V. So, the designed converter is able to maintain 

constant voltage at load from unregulated source. The PWM 

controller controls the duty cycle automatically by taking 

feedback from converter’s output terminal (Fig. 2). Thus, the 

terminal voltage of the converter remains constant at 125 V. 

Fig. 4, shows graphically the relationship between converter 

input voltage and converter’s conversion efficiency. The 

designed converter provides constant step-up output voltage 

125 V from unregulated supply source, some power is lost in 

the conversion stage. The losses are mainly switching losses 

at MOSFET and Diode at high frequency (50 kHz). From this 

figure it has been seen that the designed converter gives 

almost constant efficiency (about 89%) at different input 

voltages when 11 W DC lamp used as load is used.  

 

 

 

Fig 3: Converter input voltage vs output voltage 

characteristics for 11W DC load  

 

 

 

 

Fig 4: Converter input voltage vs converter efficiency (%) 

characteristics for 11W DC load 

Table 2. Converter Input-output Characteristics for 11W 

DC Load at Different Input Voltages  

Vin 

(V) 

Iin 

(A) 

Pin 

(W) 

Vout 

(V) 

Iload 

(A) 

Pload 

(W) 

Efficiency 

(%) 

16 0.84 13.4

4 

125.4 0.09 11.286 88.90 

15 0.89 13.4 125.4 0.09 11.286 88.90 

14 0.95 13.3 125.3 0.09 11.277 89.50 

13 1.02 13.3 125.3 0.09 11.277 89.20 

12 1.11 13.3 125.2 0.09 11.268 88.60 

11 1.21 13.3 125.2 0.09 11.268 88.90 

10 1.33 13.3 125.3 0.09 11.277 89.50 

09 1.48 13.3 125.0 0.09 11.250 89.24 

08 1.68 13.4 125.0 0.09 11.250 88.80 

3.2 Performance Analysis of the Proposed 

Solar Power Controller (SPC) 
For the performance analysis of the proposed SPC as shown 

in Fig. 1, a solar panel and a storage battery is used. 

Specifications of the solar panel used for the purpose of 

analyzing the performance of the proposed SPC:                        

Pmax                 = 44 W                            

Voc                    = 19.2 V 

Isc                     = 2.96 A 

Voperating = 16.5 V 

Ioperating = 2.67 A                            

Standard operating condition: 1000W/m2, 250C 

A 12 V, 7.5 Ah lead acid battery is used as back-up source. 

The proposed SPC is designed to overcome insufficient solar 

radiation, so it is required to verify the effectiveness of the 

SPC under different solar radiation. For performance analysis 

of the proposed solar power controller artificial shading by 

using a screen is used to vary the solar radiation. Solar 

radiation is varied by varying the distance between solar panel 

and shading screen. Table 3, shows the effect of solar 
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radiation on load sharing between solar panel and battery of 

the proposed SPC. 

 

Table 3. Effect of Solar Radiation on Load Sharing Between Solar Panel and Battery for 22 W DC Load 

Table 4. Experimental Data When Solar Power Generation is more than Load Requirements 

Table 3, shows experimental data of the proposed SPC for 

22W DC load. From Table 3, it is seen that solar power 

generation decreases as solar radiation decreases and the 

designed SPC takes the required lack of power from storage 

battery in order to maintain constant power at the load. To 

understand the overall process graphically Fig. 5 and Fig. 6 

are drawn. Fig. 5, shows that the proposed SPC can maintain 

constant power at load irrespective of solar radiation caused 

by shading effect or environmental conditions. When 

available solar power is enough to maintain load, the battery 

remains idle. The battery comes into operation when solar 

power generation is insufficient to maintain the load demand. 

Under no shading condition the solar power generation is 

maximum 30.69 W, so it easily drives the load without the 

help of the battery. For solar radiation 700 W/m2, 600 W/m2 

and 580 W/m2 battery remains in charging state for that 

battery delivers no power to the load, the solar panel alone 

drives the load. During insufficient solar radiation the 

controller allows the battery to discharge and maintains 

constant power at load. So, the designed SPC takes only the 

surplus of power from the battery and capable of maintain 

constant power at load end. Fig. 5, also shows turn on and 

turn off points of the battery. Turn on point (left to point A in 

Fig. 5) shows on condition of the battery that means the 

battery starts to discharge and provides surplus of power at the 

load. The turn off point (right to point A in Fig. 5) shows the 

off condition of the battery that means the remains idle and if 

the solar power generation is more than the load requirements 

the excess power can be stored in the battery as shown in 

Table 4. Point B in Fig. 5 indicates that only battery drives the 

load. At point B solar power generation is null. Between point 

A and B load sharing between solar panel and battery takes 

place. Separate colors are used in Fig. 5 to indicate power 

curves of solar panel, battery and load respectively. Fig. 6, 

shows that the proposed controller has almost constant 

efficiency (around 87%), the efficiency remains almost 

constant under different solar radiation. So, the controller  

 

Fig 5: Load sharing between solar panel and battery 

 

Fig 6: Effects of solar radiation on SPC’s overall 

Solar 

radiation 

(W/m2) 

Solar Battery Load Efficiency 

(%) V solar 

(V) 

I solar 

(A) 

P solar 

(W) 

V battery 

(V) 

I battery 

(A) 

P battery 

(W) 

V load 

(V) 

I load 

(A) 

P load 

(W) 

700.00 13.95 2.20 30.69 13.90 0.00 0.00 125.60 0.17 21.35 86.50 

600.00 13.76 1.90 26.14 13.80 0.00 0.00 125.70 0.17 21.37 87.00 

580.00 13.46 1.85 24.90 12.00 0.00 0.00 126.00 0.17 21.42 86.00 

270.00 7.90 1.30 10.27 12.00 1.20 14.40 125.70 0.17 21.37 87.00 

200.00 7.90 0.96 7.58 12.00 1.40 16.80 125.60 0.17 21.35 86.50 

105.00 7.90 0.50 3.95 12.00 1.73 20.76 125.70 0.17 21.37 87.00 

50.00 7.90 0.20 1.58 12.00 1.92 23.04 125.60 0.17 21.35 86.40 

30.00 7.90 0.10 0.79 12.00 2.00 24.00 125.60 0.17 21.35 86.40 

0.00 0.00 0.00 0.00 12.00 2.05 24.60 125.90 0.17 21.40 86.00 

Solar radiation 

(W/m2) 

Solar Battery (charging) Load 

V solar 

(V) 

I solar 

(A) 

P solar 

(W) 

V battery 

(V) 

I battery 

(A) 

P battery 

(W) 

P load 

(W) 

700.00 13.95 2.20 30.69 13.90 0.61 8.50 21.35 

600.00 13.76 1.90 26.14 13.80 0.28 4.00 21.37 
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efficiency 

 

Fig 7: Hardware Implementation 

efficiency is independent of solar radiation and the proposed 

SPC can overcome insufficient solar radiation problem. The 

hardware implementation is shown in Fig. 7. The main 

hardware components are ferrite core transformer (ETD-39), 

current mode PWM controller (UC3843), ultrafast-diode (UF-

5408), resistors, capacitors etc. 

4. CONCLUSION 
In this work a solar power controller has been proposed for 

real-time utilization of PV energy. The controller eliminates 

insufficient solar radiation problem and capable of 

maintaining constant power at load the side. The proposed 

controller has been designed and implemented successfully. 

The effectiveness of the controller has been tested for 21 W 

load at different solar radiation. As solar radiation decreases 

the controller takes required power from battery. The 

controller boosts unregulated solar panel terminal voltage to a 

regulated 125 V at the load side so, it reduces line loss 

compared to 12 V system. MPPT controllers are used to 

obtain maximum available power from solar panel and to 

control charging operation of battery. MPPT charge 

controllers also protects the battery from over charge and 

discharge. The proposed controller provides real-time 

utilization of PV energy and maintains constant power at the 

load side with almost constant efficiency (about 87%) at 

different solar radiation. This controller allows real time 

utilization of solar energy from solar panel, whereas 

conventional controllers first store the solar power into 

storage battery then used for different applications. As the 

designed SPC gives real time utilization of solar energy is 

suitable for solar driven electrical vehicles, solar driven water 

pump etc. 
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