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Abstract—The usage of LED lights, compact fluorescent lamps, electronic chokes and inverter-fed drives helps to save 
energy. These devices have to operate from a dc source so a change in the load profile is noticed in electrical grid. These 
loads can be connected directly to the dc bus. A grid-connected PV system consist of a power source (PV array), a power 
grid, in which a power flow management system is needed to balance the power flow. By sensing the battery voltage, 
operating mode of the bidirectional converter is selected. The voltage values are verified for different modes of operation by 
varying the DC load. Maximum power point tracker (MPPT) using Perturb & Observe algorithm is proposed to improve 
energy conversion efficiency. The proposed system is tested by using MATLAB/SIMULINK software. 
 
Index Terms—Bidirectional converter, Maximum power point tracking (MPPT), photovoltaic (PV) power system, 
switching mode DC-DC converter, switching duty cycle, Perturb & Observe control, dc bus, power flow management 
system (PMS). 
 
I. INTRODUCTION 
 
In recent years, photovoltaic power generation has 
become more important due its many benefits such as 
needs a few maintenance and environmental 
advantages and fuel free.They are employed in 
diverse applications both at domestic and commercial 
levels [1]. Photovoltaic systems can be classified into 
stand-alone system and grid-connected system [2], 
[3]. The remote places where access to electricity is 
not feasible stand-alone system is widely used. The 
stand-alone system can provide a well-regulated load 
voltage, the reliability of power supply [3] is 
improved by using storage batteries [4]. Grid-
connected PV systems (GCPVs), the generated PV 
power is fed to the grid, or it supplies to the linear 
and nonlinear loads connected at the ac side. To 
counter balance the mismatch between the generation 
and demand battery is used in hybrid systems [4]. 
 
A grid-connected PV system with a battery backup 
has many advantages such as it can provide power to 
designated load, Sends excess energy back into power 
grid, Stores energy for use during an outage, the grid-
side inverter should operate in grid-tied mode and 
off-grid. A battery can be connected directly in 
parallel with the dc bus. The size of the battery can be 
reduced when a battery charger /discharger circuit is 
inserted between the dc bus. Output voltage of the 
converter is depend on the duty cycle, so the MPPT is 
used to calculate the duty cycle for obtain the 
maximum output voltage because if output voltage 
increases than power also increases. The energy 
sources are used to charge a battery using bi-
directional dc-dc converter, thus to maintain a stable 
load bus voltage and make fully usage of the solar 
array and the storage battery. PV being a major 
energy source enables the dc loads to be connected 
directly to the dc bus. In the proposed system, the  

 
control of a PV system feeding dc loads is considered 
for study.  
In GCPVs, the fluctuation in dc link voltage caused 
by PV power variation is regulated by use of MPPT 
technique. The method using P&O method, the PV 
array current (or voltage) is perturbed by a small 
increment (∆I or ∆V) and the resulting change in 
power (∆P) is measured. If ∆P is positive, the next 
perturbation is also in this direction (with same 
algebraic sign).If ∆P is negative, the system's 
operating point has moved away from the MPP, thus 
the sign of the perturbation will be changed in order 
to step back, towards the MPP.For systems with dc 
loads, the dc bus voltage is affected by both load 
fluctuation and PV power variation. To get the 
constant dc voltage rapid regulation of dc link voltage 
is necessary. When the generated PV power is more 
than the load demand, only the load power demand is 
met by the PV, and the excess PV power is fed to the 
battery. The proposed PV system consists of two 
power sources (grid, PV array), two power sinks 
(battery and load), and a power flow management 
system (PMS) to balance the power flow among 
these. This paper illustrates an effective power flow 
management scheme for providing uninterrupted 
power supply to the dc loads from a grid-connected 
PV system while facilitating the discharge of excess 
PV power at high quality into the grid. 
 
II. SYSTEM DESCRIPTION 
 
A grid-connected PV system along with dc loads as 
shown in Fig. 1, the instantaneous power is given by 

 
where  is the boost converter’s output power ,  
is the power taken by the charger/discharger circuit, 
  is ,ௗ is the power given to the dc link capacitor
the power used by the dc load, and ௩ is the power 
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taken out by the inverter. The instantaneous ac power 
is 

 
Where ܸ is the phase voltage and ܫ is the grid 
current. The average power on the dc side can be 
written as: 

 
Where ܫ௩ is the average current at the dc side of the 
inverter. Now equate the dc term at the ac side to the 
average power at dc side.   
ூ
ଶ

  =η ௗܸܫ௩(5) 
Where η is the efficiency of the inverter. If ௗܸ  and     
ௗܸ  (ref) are the actual and reference amplitudes of dc 

link voltage, the dc link capacitor ܥௗ will store 
change in energy (Δܧௗ) can be written as: 

= ௗܧ∆

య

ଶ
ܸଶௗ ()- ܸଶௗ(6) 

The following energy balance equation (7) should be 
satisfied for injecting the PV power to the grid while 
maintaining a constant ௗܸ ,  

 
Where T is the time period of ac supply. 
Combining (6) and (7) 

 
From (8), it is very obvious that the fluctuations in 
PV power due to the change in solar radiation and 
theload power create changes in the dc link voltage. 
The average current at the dc link can be 
ܫ = ܫ + ௩ܫ + ܫ +  ௗ(9)ܫ
 

 
Fig.1. Grid-connected PV system with ac and dc loads. 

 
 
Where ܫ is the boost converter output current, ܫ is 
the load current, and ܫ௩ is the current at the dc side 
of the inverter. If ܸ௩  and ܫ௩ are the PV voltage and 
PV current, respectively, for the boost converter 
operating at a duty cycle D, Therefore it can be 
written as 

 
Where ܴthe dependent resistance of the inductor and 
R is the equivalent resistance of the load. When there 
is a sudden change in load, ௗܸ  changes to 
( ௗܸ ±Δ ௗܸ). Since the perturbation of MPP tracker 

(MPPT) is slow, D remaining the same, the PV 
voltage shifts from the ideal voltage 

 
It is obvious from (11) and (14) that the disturbances 
in dc link voltage are reflected in the PV array power 
and transfers the PV power from the MPP until the dc 
voltage is rebuild. Therefore, a faster regulation of dc 
link voltage is necessary to assure a constant dc link 
voltage. A charger/discharger controller is designed 
to regulate the dc link voltage. The block diagram of 
the system is shown in Fig. 2 where ௗܸ  is controlled 
by the charger/discharger circuit. The converter 
control to output transfer function ܩௗ , where ݎ௦ is 
the resistance of the battery ܥଵand ܥଶ are the input 
and output capacitances respectively, 
 

 
Fig. 2. Control structure of the proposed system 

 
TABLE I: PARAMETERS OF THE 

CONTROLLER 

 
 

L is the leakage inductance of the transformer, ௦݂௪ is 
the switching frequency, and d is the phase shift 
between the two links. The source to input transfer 
function is given by (16), shown at the bottom of the 
page. The transfer function of the load is represented 
byܩ. 

 
where R is the equivalent resistance of the load, and 
the relation between PV current and the dc link 
voltage is expressed as 

 
 ௩ is the transfer function of the grid-connectedܩ
inverter 
 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-1, Jan.-2016 

Power Flow Management in a PV System Supplying DC Loads 
 

71 

 
Where k is the gain and τ is the sampling delay. The 
parameters used for controller are shown in Table I. 
The PV system consists of a PV array, a MPPT 
system, aboost converter, a battery storage unit with 
its charger/discharger circuit, and a bidirectional 
converter to incorporate with the grid, and the 
illustrative of the PV system is shown in Fig. 3. A 
boost converter is for tracking the maximum power 
from the PV array, the task of the MPPT algorithm is 
just to calculate the reference voltage ܸ towards 
which the PV operating voltage should move next for 
obtaining maximum power output. Maximum power 
point tracking technique is used to improve the 
efficiency of the solar panel. When the operating 
voltage is periodically given a perturbation and the 
corresponding output power is compared with that at 
the previous perturbing cycle. If the power increases 
due to the perturbation then the perturbation is 
continued in the same direction.  

 
After the peak poweris reached the power at the MPP 
is zero and next instant decreases and hence after that 
the perturbation reverses and a bidirectional converter 
(battery charger/ discharger) capable of operating in 
both buck and boost modes of operation is used to 
control the dc link voltage. The PV system focuses on 
providing an uninterrupted power supply to the loads 
connected at the dc side, and the grid is used as a 
backup means when there is insufficient PV power. 
The bidirectional converter to have three operating 
modes, namely, idle mode (grid is disconnected), 
inverter mode, and rectifier mode. The battery is 
charged from PV or grid depends on the availability 
of the PV power and load demand. The 
charging/discharging mode of the charger/discharger 
circuit is regulated by the voltage control loop. The 
PV system concerns two energy sources PV and grid, 
and a PMS balances the power flow among these 
sources. 
 
III. CONTROL STRATEGY FOR PMS 
 
The PMS monitors battery voltage and generates a 
mode selection signal for the bidirectional converter, 
and generates the reference current for the hysteresis 
current controller. The converter mode is selected by 
using double bands of battery voltages. Outer band 
having two voltage limits, i.e., the outer upper 
threshold voltage ( ை்ܸ) and the outer lower 
threshold voltage ( ை்ܸ). These are extreme voltages 
of the battery, i.e., the 

float value and the deep discharge level, respectively. 
Similarly, the inner band voltage limits, i.e., the inner 
upper threshold voltage (VIUT) and inner lower 
threshold voltage (VILT) correspond to interior voltage 
levels for the purpose of control.When the system is 
operating near a threshold converter does not 
repeatedly shuttle between two different modes.Fig.4 
is about converter-mode-selection strategy. The main 
concept of this method is that transition from idle 
mode to conducting (Rectifier/Inverter) mode based 
on outer band limit &changeover from conducting 
mode to idle mode is based on inner voltage threshold 
limits, two selection signals (S1, S0) for the 
multiplexer identifies the mode (M) for operation 
ofthe converter. The inputs to multiplexer 0, 1, and 
−1 denote the idle, rectifier, and inverter modes of 
operation, respectively. The operation of PMS for 
conduction when ܸ< ை்ܸ . Converter is switch to 
rectifier mode. If battery voltage increases ை்ܸ  ≤ ܸ   
still converter is in rectifier mode with the same 
reference current until ܸ  ≤ ூ்ܸ . When the battery 
voltage is higher than ை்ܸ , then, the converter switch 
to the inverter mode and current reference is depend 
on the previous mode. So, converter does not oscillate 
between rectifier and inverter modes. 
In idle mode, the PV supplies to the load and also 
charges the battery when ܲ௩> ܲ, Then battery 
voltage increases that is ܸ  ≥ ை்ܸ , then converter is 
now in inverter mode. If ܲ௩< ܲ , then both will give 
the supply to load. Then battery voltage decreases ܸ , 
and when ܸ  ≤ ை்ܸ , then converter Is in rectifire 
mode.  
 

 
Fig. 4. State diagram showing the power flow under various 

modes of operation of the converter. 
 

 
Fig.5. (a) Control circuit of the PMS (b) Reference current. 
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Fig. 3. Schematic of the bidirectional converter with PMS. 

 
When the converter is in inverter mode, the PV power 
is injected into the grid, ܸ  can increase or decrease 
according to state of battery is charging or 
discharging. If ூ்ܸ  ≤ ܸ  ≤ ை்ܸ , reference current is 
given to the grid. When ܸ  ≥ ை்ܸ , the reference 
current is incremented by δI.  When ܸ  ≤ ை்ܸ . No 
change in the reference current, and the converter run 
in inverter mode until ܸ> ூ்ܸ  after that it stops 
power supply and becomes idle. When the converter 
is in rectifier mode, the battery may charge or 
discharge depending on the availability of PV power 
and load demand. If ை்ܸ  ≤ ܸ  ≤ ூ்ܸ , then ܫ is taken 
from the grid. If the battery is discharged to less 
than ை்ܸ , then reference current is raised by δI then 
ܸ> ை்ܸ . PV and the grid charge the battery to ூ்ܸ . 

Then converter is in idle mode the injected current is 
in phase with grid voltage and unity power factor is 
achieved. 
 

TABLE II: SPECIFICATIONS OF THE 
EXPERIMENTAL SETUP 

 
 

 

 
 

 
Fig. 6. Power flow under various modes of operation of the 

bidirectional converter. (a) Idle mode. (b) Inverter mode. (c) 
Rectifier mode 

 
IV.RESULTS AND DISCUSSION 
 
Main aim is to maintain DC link voltage constant. 
The system consists of a PV array, MPPT technique, 
a boost converter, a single-phase full-bridge 
converter, and a charger/discharger circuit for the 
battery as shown in fig.7. PV array gives power to the 
load and sometimes grid will gives the power to the 
load.  The PV array generates voltage. Shape the 
array consist of five parallel strings with each having 
two panels in series to get 36 V at the MPP. 
Whenever reduction in radiation occur then PV 
current and PV voltage is taken to MPPT then turn 
ON time of switch will be increased and then the 
actual voltage and increased voltage is added and sum 
of that voltage is step up as shown in fig.8. MPPT 
control technique used to generate duty cycle when 
turn ON and OFF of IGBT switch.  
If connected to dc source diode and capacitor, 
whenever switch is ON current flows and Whenever 
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OFF the current flows from dc source capacitor and 
diode this will act like a load. The boost chopper or 
boost converter raises the PV voltage to 110V then a 
dc link is connected with inverter. The inverter will 
convert the power from dc to ac with impedance and 
then this power given to the grid and then to the 
ground. For controlling purpose of inverter the PI 
control technique is used.The charger/discharger 
circuit of the battery can operate in either buck or 
boost mode. The phase shift modulation strategy is 
used to control the charger/discharger circuit. The dc 
link voltage is maintained by the voltage control loop 
of the charger/discharger circuit as shown in fig.10. If 
the maximum dc power is coming from PV array then 
firstly given to the load and after that power is further 
stored in the battery. Or secondly if the solar radiation 
are not sufficient for supplying to the dc load then AC 
grid connected with inverter will give supply to load 
and at the same time battery will store power.  
At the inverter side the supply voltage is being 
inspected by using close loop control method. Close 
loop control is the sum of actual output voltage with 

the reference voltage and this voltage is given to the 
PI controller and then the output voltage of PI 
controller is added with actual voltage & that is error 
asshown in fig.11. The PWM generator generates the 
reference voltage with pulses and these pulses are 
given to the grid inverter. The single-phase 
bidirectional converter is manufactured using power 
Insulated Gate Bipolar Transistor (IGBT) and is 
connected to the grid through an 80/230-V line 
frequency transformer. Bidirectional converters are 
used dc to ac and ac to dc, for dc to ac transformers 
are used for insulation purpose and again ac to dc 
here this dc part is connected with load fig.12. This 
inverter is grid bidirectional inverter, while 
converting from ac to dc the power is reduced and 
from dc to ac power conduct. The grid voltage is step 
up from 50V to 150V and given to dc capacitor or dc 
link (dc load).The grid side voltages are shown in 
fig.13.The result shows that the system gives 
uninterrupted supply to the dc link for different 
modes of operation by varying the load. 
 

 

 
FIG.7 SIMULINK MODEL OF POWER FLOW MANAGEMENT IN A PV SYSTEM SUPPLYING DC LOAD 

 

 
FIG.8 BOOST CONVERTER PULSES, PV POWER, PV VOLTAGE 
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FIG.9 LOAD VOLTAGE 

 

 
FIG.10 BATTERY-BIDIRECTIONAL MODEL 

 

 
FIG.11 BATTERY VOLTAGE, PRIMARY WINDING VOLTAGE OF A TRANSFORMER AND SECONDARY WINDING 

VOLTAGE OF A TRANSFORMER 
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FIG.12 BIDIRECTIONAL INVERTER WITH MAIN GRID 

 

 
FIG.13 GRID SIDE VOLTAGE AND CURRENT 

 
CONCLUSION 
 
In this paper the method power flow management in 
grid connected PV system supplying dc loads is 
presented. For different modes of operation, the 
performance of converter has been observe for both 
rectifier and inverter modes. The proposed system 
provides uninterrupted power to dc load by using PV 
array and grid. A maximum power point tracker is 
used for obtaining the maximum power from the solar 
PV module and conversion to the load. A non-
isolated DC-DC converter (step up/stepdown) offers 
the purpose of conversion maximum power to the 
load. A DC-DC converter acts as an interface 
between the load and the module. By varying the 
ratio of duty cycle the impedance of load as it appears 
by the source is varied and matched at the peak power 
point with the source so as to conversion the 
maximum power. Simulation studies in 
MATLAB/Simulink environment are presented. 
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