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Abstract: The DC microgrid applications include 
rural electrification, UPS support, Electronic lighting 
systems and Electrical vehicles. The overall system 
consists of a Photovoltaic panel (PV), High step up 
DC-DC converter with Maximum Power Point 
Tracking (MPPT) and DC microgrid. The whole 
system is mainly optimised with both MPPT and 
converter separately. Here the incremental 
conductance technique is used for maximum power 
point tracking technique modified with D-Sweep 
(Duty ratio Sweep). D-sweep technique reduces the 
problem of multiple local maxima. Converter 
optimization includes a SEPIC converter for DC-DC 
conversion and a full bridge inverter for DC-AC 
conversion. Both converter optimization and MPPT 
optimization increases overall system efficiency. The 
maximum power conversion efficiency of the system 
is 95.85%. 
 
Keywords: Incremental Conductance (Inc Cond), D-
sweep Technique, Maximum power point tracking 
(MPPT), Single ended primary inductance converter 
(SEPIC), photovoltaic (PV) system. 
 
I. INTRODUCTION 

Today we primarily use fossil fuels to heat 
and power our homes and fuel our cars. It’s 
convenient to use coal, oil, and natural gas for 
meeting our energy needs, but we have a limited 
supply of these fuels on the Earth. We’re using them 
much more rapidly than they are being created. 
Eventually, they will run out. In the meantime, the 
nation’s energy needs are expected to grow by 33 
percent during the next 20 years. 

Renewable energy can help fill the gap. As 
compared to other renewable energy sources 
photovoltaic energy has great advantages like 
cleanliness, no noise, easily handled plant and very 
less maintenance.  

PV systems have been extensively used for 
low power electrical generation and have applications 
such as electrification for domestic applications, 
water pumping and air condition in rural and isolated 
areas. It is very difficult to establish a new utility 
system in rural areas because of cost, safety and 
maintenance consideration. So DC microgrid can be 
easily establish and solar energy can be utilized to 

generate power. The total generated power can be 
increased by adding panels, which is one of the most 
advantageous features of PV systems. The low 
conversion efficiency of PV module and the variation 
of the output power due to changes in atmospheric 
conditions such as solar irradiation and temperature 
variation, requires specific control technique to 
ensure maximum power point operation in order to 
utilize maximum power from each module. 
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Fig1: Basic Block Diagram of Proposed System 

 
Incremental Conductance algorithm is used and the 
power reduction caused by the shadow effect is 
overcome by adding D-sweep technique in the MPPT 
control algorithm. A DC-DC converter with high 
voltage gain is employed to step up the output DC 
voltage from the PV module to a high voltage level 
without losing the overall efficiency of the system. 
The solar power converter is used as a DC-DC 
converter which harvest maximum energy from each 
individual PV module. This converter with MPPT 
increases the PV panel voltage to a higher voltage 
level as required by the DC microgrid. 

II   PROPOSED SYSTEM DESCRIPTION 

The overall system consists of  

1. Solar PV panels 
2. High Gain Solar Power Converter 
3. Maximum Power Point Tracking 
4. DC microgrid and Control.  
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2.1   SOLAR PV PANELS 
Basically, solar cell is a semiconductor 

material. It consists of both P and N junction which 
form a PN junction. The working principle of solar 
cell is the principles of Photovoltaic effect. 
Representation of PV cells is shown in the fig.2.1(a) 

Fig.2.1(a):Presentation of PV Cell 

Material A consists of P type material and 
material B consists of N type materials. P junction 
consists of holes and N junction consists of electrons. 
In P junction holes are the majority carriers and 
electrons are the minority carriers. Similarly in N 
junction electrons are the majority carriers and holes 
are the minority carriers. Combining two junctions 
forms a PN junction diode. Where the n-type 
silicon and p-type silicon meet, free electrons from 
the n-layer flow into the p-layer for a split second, 
then form a barrier to prevent more electrons from 
moving between the two sides. This point of contact 
and barrier is called the p-n junction.   

If the PV cell is placed in the sun, photons of 
light strike the electrons in the p-n junction and 
energize them, knocking them free of their atoms. 
These electrons are attracted to the positive charge in 
the n-type silicon and repelled by the negative charge 
in the p-type silicon. Most photon electron collisions 
actually occur in the silicon base. 

Fig.2.1(b): PV cell Extracting electrons 

A conducting wire connects the p-type 
silicon to an electrical load, such as a light or battery, 
and then back to the n-type silicon, forming a 
complete circuit. As the free electrons are pushed into 
the n-type silicon they repel each other because they 
are of like charge. The wire provides a path for the 
electrons to move away from each other. This flow of 
electrons is an electric current that travels through the 
circuit from the n-type to the p-type silicon. In 
addition to the semi-conducting materials, solar cells 
consist of a top metallic grid or other electrical 
contact to collect electrons from the semi-conductor 

and transfer them to the external load, and a back 
contact layer to complete the electrical circuit. 
 
2.2 HIGH GAIN SOLAR POWER CONVERTER 

The converter used here is a high step up 
and high voltage gain DC-DC converter. Basically 
the DC-DC converter mentioned in this work is a non 
inverted Sepic (single-ended primary inductor 
converter). It shows the similarity to the modified 
buck boost topology. The converter has both coupled 
inductor and switched capacitors. By using a diode 
and a capacitor, the leakage inductance energy from 
the coupled inductor cab be recycled. So that 
switching loss is reduced up to a limit. Similarly the 
switched capacitors helped to increase the voltage 
gain up to 20 times with 95% of system efficiency. 
Due to the presence of switched capacitors, the 
voltages are adding serially to get DC grid voltage 
requirements. 

Fig.2.2(a) .SEPIC Converter 

Fig.2.2(a) shows a simple circuit diagram of 
a SEPIC converter. This converter consists of an 
input capacitor C1, output capacitor C2, coupled 
inductors L1, L2 AC coupling capacitor C1,power 
MOSFET S1 and a diode D1.It is carried out to 
operating in the continuous conduction mode(CCM). 
All dc-dc converters operate by rapidly turning on 
and off a MOSFET, generally with a high frequency 
pulse. What the converter does as a result of this is 
what makes the SEPIC converter superior.  

For the SEPIC, when the pulse is high/the 
MOSFET is on, inductor 1 is charged by the input 
voltage and inductor 2 is charged by capacitor 1. The 
diode is off and the output is maintained by capacitor 
2.  

 
Fig.2.2 (b).SEPIC converter ON state 
 
When the pulse is low/the MOSFET is off, 

the inductors output through the diode to the load and 
the capacitors are charged. The greater the percentage 
of time (duty cycle) the pulse is low, the output will 
be greater. This is because the longer the inductors 
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charge, the greater their voltage will be. However, if 
the pulse lasts too long, the capacitors will not be able 
to charge and the converter will fail as shown in Fig. 

 
Fig.2.2(C).SEPIC converter OFF state 
 

2.3 MAXIMUM POWER POINT TRACKING 
Maximum Power Point Tracking (MPPT) is 

used in photovoltaic systems to maximize the 
photovoltaic array output power, irrespective of the 
temperature, irradiation conditions, shadow effect and 
electrical characteristics of the load. A new MPPT 
system is developed, consisting of DC to DC 
converter, which is controlled by a microcontroller 
based unit.  
 Moreover the solar cell has nonlinear PV 
characteristics and change with change in radiation 
and temperature. And there is unique point in PV or 
IV characteristic which PV system operates at 
maximum efficiency, this point is called Maximum 
power point. The maximum power point trackers 
(MPPTs) are used to maintain the maximum power 
point. The MPPT minimize the overall system cost 
and maximize the array efficiency.  

During fast changing irradiance conditions 
and partial shading the incremental conductance 
algorithm is optimized MPPT in the proposed system. 
A portion of solar panel is shaded by any factors such 
as tree, building, clouds etc. cause partial shading. As 
a result, a portion of PV panel is separated by shadow 
and more current will flows through the unshaded 
portion. Therefore electrical characteristics of PV 
panel will be altered and causes damage to the PV 
panel. In order to avoid the shadow effect up to a 
limit, Incremental Conductance algorithm with D-
sweep (Duty ratio-sweep) is introduced. 

Incremental conductance locates maximum 
power when the incremental conductance equal to the 
negative of instantaneous conductance. 
Mathematically the condition for maximum power 
can be derived with the help of a PV curve shown in 
the fig.10. 

 

 
Fig.2.3(a) : PV curve shows MPP 

Let P be the power from the PV panel  V be the PV 
panel voltage. Applying the principle of maxima-
minima i.e. the rate of change of power with respect 
to PV panel voltage is equated to zero. 

It is based on the fact that the derivative of 
the output power P with respect to the panel voltage 
V is equal to zero at the maximum power point 
(MPP). The solar panel's P-V characteristics in fig.10 
show further that the derivative is greater than zero to 
the left of the MPP and less than zero to the right of 
the MPP. This leads to the following set of equations: 

 
         dP/dV = 0 for V = Vmp............... (1) 
         dP/dV > 0 for V < Vmp............... (2) 
         dP/dV < 0 for V > Vmp............... (3) 
 
The fact that P = V I and the chain rule for the 
derivative of products yields 

 
dP/dV = d ( V I)/dV = I dV/dV + V                
dI/dV = I + V dI/dV............ (4) 

 
Combining equations (1) and (4) leads to the MPP 
condition (V = Vmp) in terms of array voltage V and 
array current I: 
 
             dI/dV = - I/V............. (5) 
 
Here dI/dV represent as incremental conductance and 
negative (–I/V) represents instantaneous conductance. 
The equation (5) represents the condition for 
maximum power.  

The Incremental Conductance uses a search 
technique that changes a reference or duty ratio. So 
that Vpv changes searches for the condition of the 
equation and in the condition the maximum power 
point is found and searching will stop. The 
incremental conductance algorithm continues to 
calculate dIpv until the result is no longer to zero. At 
the time search started again. Incremental 
conductance algorithm is best suited for the rapidly 
varying irradiation conditions. The left portion of the 
PV curve has a positive slope. Here the Incremental 
conductance greater than instantaneous conductance. 
If a point corresponding to power lies anywhere in 
the left portion of PV curve, the voltage should 
increase to reach maximum power point. Thus the 
duty ratio of the converter is reduced and maximum 
power point is reached. Similarly, if a point 
corresponding to power is located anywhere on the 
right side of maximum power point, the voltage must 
reduce and corresponding duty ratio increased to 
reach maximum power point.  

The local multiple maxima is one of the 
serious affect partial shading. Therefore incremental 
conductance algorithm fails to find the maximum 
power. It is difficult to find out the maximum power 
point from the number of different multiple local 
maxima. To solve this problem D-sweep technique is 
suggested with incremental conductance algorithm.  
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In D-sweep method, finding different power at 
different duty ratios and comparing those powers to 
get larger value and corresponding duty ratio. Use 
some duty ratio as the starting point of incremental 
conductance algorithm. The minimum and maximum 
duty ratio for D-sweep is kept for the range of 30 and 
40V as per the PV panel test. The maximum and 
minimum duty ratio is chosen as that which can avoid 
unnecessary power losses and heating of the devices. 
The sweep is varied from Dmin to Dmax during 
initial step. After the sweep, the incremental 
conductance MPPT works effectively. The suggested 
flow chart of D-sweep technique is shown in Fig. 6. 
The first step is to increment the duty ratio. The next 
step is to measure present power. Compare the 
present power with the last power. Store the larger 
power. Thus D-sweep can reduce the problem of 
multiple local maxima during partial shading 
condition. 

 

 
Fig.2.3(b): Flowchart of variable step size INC 

algorithm 
 
2.4     DC MICROGRID AND CONTROL 

A microgrid contribute to the distributed 
energy resources capable of providing sufficient and 
continuous energy to a sufficient portion of internal 
load demand. Power generation systems like PV, 
Wind, Fuel etc and electrical storage system like 
batteries, super capacitors etc constitute a DC 
microgrid. The application of DC microgrid 
concentrates on small scale residential application, 
rural populated area and data centers. Unlike DC to 
AC or AC to DC the DC-DC conversion has 95% of 
conversion efficiency. 

DC microgrid supports simpler power 
electronic interfacing and battery storage. In DC 
microgrid it supplies high quality of power by using 
the DC distribution. In DC microgrid transformerless 

converter system can be used this will lead for size 
reduction and improve the efficiency. It is easy to 
isolate the DC microgrid system during the period of 
overload at a particular load. Electric power can be 
shared by using extra electric power line between the 
load side converters. DC microgrid ensures high 
quality of power. The synchronization of distributed 
generation is not necessary as DC supply used. The 
loads are not affected by 
voltage sag, voltage swell, three phase voltage 
unbalance and voltage harmonics. The efficiency of 
DC microgrid is very high. Similarly, DC microgrid 
ensures reliability, security storage and Distributed 
Generation. 
 
CONCLUSION 

The output of solar power converter fed to 
DC microgrid can be utilized for various applications 
such as UPS support, Electronic lighting and 
Electrical vehicle systems. Converter optimization 
and MPP optimization increased overall efficiency of 
the system. D-sweep is introduced with Incremental 
conductance MPPT for tracking maximum power 
from the solar panel. The speed of Incremental 
Conductance algorithm is directly proportional to 
ease of tracking accuracy i.e. high gain solar power 
converter uses D-sweep technique which will 
increase the tracking accuracy. The high step up solar 
DCDC converter operates at 95% efficiency. Thus the 
combination of PV panels, high step up solar power 
converter with MPPT and DC microgrid comprises 
rural electrification system. 
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