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ABSTRACT 
More than a billion people worldwide still do not have access to basic modern energy services such as electric lighting in their 
homes. Most of these people live in remote rural areas, which makes extension of national electric grids to meet their needs 
prohibitively expensive. Several solutions involving solar photovoltaic electricity generation, such as solar lanterns, solar home 
systems (SHS), and solar (AC) mini-grids are being actively pursued to address the energy requirements of these people. These 
current solutions each have certain limitations, such as high cost for the cases of mini grids and solar home systems, or limited 
functionality and expandability in the case of solar lanterns. This work describes an approach to rural electrification – solar 
DC Nano-grids – which attempts to address these limitations by providing basic energy services at lowest possible cost, while 
using a system architecture which is expandable and future-proof. In this work, model of a solar panel and obtaining a 
constant output voltage using MPPT (Maximum Power Point Tracking) is realized. MPPT will be useful to extract the 
maximum power from the solar panels and also to maintain a constant output voltage. Also in this paper we will use a battery 
storage that will be useful in supplying continuous power to the DC loads. 
 
Keywords: Nano, Grid, Maximum power point tracking, solar panel. 

1. INTRODUCTION 
Today the world usage is for renewable sources of generation using DC/AC converters and connectivity with the 
existing grid having all types of AC loads. Places where Grid cannot reach, like deserts, mountain tops, etc.  But sun 
energy is available in plenty concept of DC Nano grid holds importance. The difference is with respect to AC loads 
which requires the use of converters and the system is costly as well as not loss free. Use of DC loads is the solution 
which does not require converters. 
Architecture of a DC Nano Grid is as under: 

 
Fig 1 DC Nano grid 

 
In developing countries, there is a feature for Nano grid most likely to be used in small local loads of rural area as they 
will be more economic than the normal grid power system. Nano grids can operate independently or be connected to 
the mains and most likely the internal voltage can be utilized as DC.   
 
Nano grids take from micro grids their primary goals: making available power with diverse characteristics; better 
matching power supply to the needs of the devices being supplied; enabling distributed generation and storage; and 
energy efficiency opportunities. Nano grids merit attention for energy efficiency research and policy to understand how 
they can be used and promoted where they do save energy. Nano grids may also get increasing use for their other 
benefits (regardless of their energy impact) so it is worth making them as efficient as feasible. 
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1.1 Some Specifics of the Proposed standards for India: 
 48V Bus Voltage Nominal   
 5A max. per circuit (still under discussion)    
 No limit to number of circuits   
 Distribution topology similar to AC distribution    
 AC wiring conductors of 1.5sq.mm, 2.5sq.mm or 4 sq.mm can be used depending on the length. AC over-current 
devices can be used  Co-existence with AC 

 
1.2 Choice of Voltage 48V   
 Primary Voltage as defined in IEC 60038  
 Is safe – Falls under SELV System Classification and SELV circuit classification as per IEC 60950  
 Optimal voltage considering safety and distribution  
 Can use 230V switchgear for protection  
 Leverage EV battery eco-system and automotive battery eco-system for storage  
 DC-DC chips available with synchronous capabilities that operate beyond 48V. 

 
1.3 Learnings  
Local DC distribution of power at 48V is viable, optimal and is already transforming communities in India    
Reasons include:  
 Easy and safe installation of LVDC systems  
 Operations at 48V was found to be optimum within SELV (<60V), considering 10% fluctuation in operating range  
 Low cable losses over a distance compared to 24V or 12V  
 Cost effective wiring (least wire thickness in SELV range) – Same as AC wiring used today  
 Promotes energy efficient DC appliances and practices 

 
1.4 Industrial Collaboration - 48V DC Products   
 Cygni Energy Private Limited  - Inverter less 500 & Inverter less 2400 controllers to drive DC    loads at 48V  - 

Integrated Charging Sockets for mobile & laptop charging (I/p 48V)  
 Intelizon Energy Private Limited - DC powered DC tube lights - DC powered LED bulbs  
 TVS Lucas - DC powered BLDC fan running at 48V  
 Amara raja Batteries - 24 Ah high-performance VLRI batteries at 12V DC  
 Zazen - DC powered air coolers running at 48V   
 SK Dynamics - DC powered mixers at 48V   

 
1.5 Problems Faced  
 Accessibility of the Consumers – Spread-out homes.  Sometimes, home-to-home distances >3km – Many Dhani’s 

(Un-electrified hamlets) consisting of only 10-15 homes  
 Consumer Awareness – Consumers spoke only local dialect.  Difficult to communicate – Haven’t seen electricity 

their entire life time – Need to teach the basics of lighting and electricity  
 Difficulty in Terrain – Temp. Soaring above 51 degree C in summer.  Difficulty in doing installation during 

summer time – Sand dunes (esp. in Rajasthan).  Accessibility by road difficult   
 Consumer List – Provided by Local DISCOM – Based on 2011 census, which is outdated – Data base provided not 

accurate and no-one having the final consumer list for the villages  
 Post-Installation Service / product delivery – Difficult because of the terrain and accessibility – Regular 

maintenance check is difficult due to far flung areas. 
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1.6 Current LVDC projects in India 
Table 1 LVDC projects 

 
Table 1 LVDC projects 

2. DESIGN METHODOLOGY OF DC NANO GRID:  
It is described here under: 
 
2.1 Solar Model 
A general mathematical description of I-V output characteristics for a PV cell has been researched and analyzed for the 
past four decades. Such an equivalent based circuit based model is mainly used for the Maximum power point tracking 
techniques (MPPT). The modelling and simulation of PV have made a great transition and play a vital role in power 
generation. 
 
2.2 Equations of Solar PV model 

 
Nomenclature: 
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2.3 Expected Characteristic of Solar Panel 
 

 
Fig 2 I vs V and P vs V graph 

 
2.4 MPPT maximum Power Point Tracking 

• There are basically 3 algorithms to implement MPPT using MATLAB. They are: 
• Perturbation and observation 
• Incremental conductance 
• Fractional open circuit voltage 

 
2.4.1 Perturbation and Observation Algorithm: 
• This algorithm perturbs the operating voltage to ensure maximum power. A basic P and O algorithm is shown below 
 

 
Fig 3 P&O flowchart 

2.4.2 Boost Converter 

 
Fig 4 Boost Converter 

2.4.3 Battery Storage: 
Integrating Energy Storage System (ESS) with solar PV can make solar power dispatch able, reduce stress on the grid 
and optimize overall system resources. In addition, ESS can play an important role in optimally sizing the solar PV 
systems for off-grid usage. Various methods and types of energy storage systems are available.  
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3 SIMULATION AND MODELLING EQUATIONS 

3.1 Deployment schemes used for DC Nano grid   
 

 
Fig 5 Deployment Scenario 1 

 
As according to the figure, the solar PV panel generates electric power according to intensity of the light and 
temperature of the surrounding. Due to this there will be variable power and variable voltage. Because of this there will 
not be a constant voltage supplied to the loads. To provide constant voltage and to extract a constant (maximum power) 
the output of the solar panel is given to charge controller. Charge controller gives a constant output voltage and also 
maximum power is extracted from the solar panels. When there is surplus generation or when there sufficient energy 
i.e. during the day time there will be more power generated. At this time the battery can be designed in such a way that 
it charges when there is surplus generation of power. During the night time as the irradiation is weak the battery 
discharges and supplies the loads. Thus in this way a constancy of operation will be obtained and there will be 
continuity in supplying the loads. 
 
3.2 Simulation of Solar PV model 
The solar PV model can be modelled using these four equations 

 
3.2.1 Simulink model of Irr: 

 
 

 
Fig 6 Simulink model of Irr 
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3.2.2 Simulink model of Id: 

 
 

Fig 7 Simulink model of Id 
3.2.3 Simulink model of Ipv: 

 

 
Fig 8 Simulink model of Ipv 
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3.2.4 Simulink model of Io: 

 
 

 
 

Fig 9 Simulink model of Io 
3.3 Complete solar panel modeling 

 
Fig 10 Complete Simulink model of PV panel 

 
This is the complete block diagram in mat lab Simulink of the solar panel using the above 4 current equations. The 
simulation results of this will be shown in the next chapter where the characteristics of the solar panel will be realized. 
 
3.3.1 Maximum Power Point Tracking: 
As shown in the figure below the output of the solar panel is connected to P and O block through a current controlled 
source. The output terminals of the solar panel is given to the boost converter so that a gain in the voltage is obtained 
and also the voltage at the receiving end remains constant. This voltage remains constant because of the MOSFET that 
is connected in the boost converter 
The signal from P and O block is given to saturate block and then it is given to the duty cycle generation block. From 
here the duty cycle is generated which is given to the gate signal of MOSFET. This MPPT adjusts the pulse width 
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according the power and voltage available from the solar panel ensuring a constant output voltage.as shown in the 
figure the output voltage is obtained and it is of the magnitude of 51.53 volts 
The boost converter also consists of a series resistor, a series inductor and a capacitor. The values of this inductor, 
resistor and capacitor are set accordingly so a voltage of approximately 48v is obtained as the output voltage. The diode 
is used to prevent the backflow of current. 
Following is the Simulink model of Maximum Power Point Tracking of Solar PV model using Perturbation and 
Observation algorithm. 

 
Fig 11 MPPT model 
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3.3.2 Perturbation and Observation Block 

 
Fig 12 P&O Model 

 
This is the basic perturbation and observation algorithm in MATLAB Simulink. Here the difference of power and the 
difference of voltage is multiplied and the product is checked for the sign. If the product is positive then the reference 
voltage is increased but if the product is negative then reference voltage is decreased. Thus by doing this we reach a 
point of maximum power and this is the principle of this algorithm. In the figure zero order hold is used to hold the 
value of voltage and power so that it can be used for comparison in the next perturbation. Similarly the memory block 
is used to hold the previous values so that it can be compared with the present value or the next value. Thus by doing 
this, maximum power can be extracted from the solar panel. 
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3.3.3 Duty Cycle Generator Block 
 

 
Fig 13 Duty Cycle Generator 

 
This is the duty cycle generation block. In this the repeating sequence triangular wave is subtracted from the reference 
voltage and the compared to zero. This will generate duty cycle and this duty cycle is given to the gate of the MOSFET. 
 
3.4 Simulink Model of DC NANOGRID 
   

 
Fig 14 DC Nano grid model 

 
 
This is the complete figure with the battery storage. As it can be seen the load and the battery are connected in parallel 
with the solar panel model with charge controller. 
 
The battery used here is lithium ion battery and it is initially charged to 50 percent and then the charging and 
discharging characteristics will be seen by varying the solar irradiation. The battery nominal voltage is 48v and there is 
compare to constant block which will stop the battery functions if the battery charge is less than 25 percent. This is 
done to increase the life of the battery and also use it efficiently. 
 
The dc load value is kept as 30w. It is basically a resistive load such as a dc bulb that is connected across the solar 
panel. 
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4.  RESULTS OF WORKING MODEL 
4.1 Solar PV model 
 
4.1.1 Input to the signal builder is as shown in figure. 
Time(secs) 
Where X- axis is  the percentage of intensity & Y- axis is  the time axis in seconds 

 
Fig 15 Input to Signal Builder 

 
To get the simulation results we have a used a signal builder to change the irradiation that is given to the solar panel. 
This is multiplied by 1000 to get the exact irradiation. As shown in the figure it is varied in such a way that at about 
0.3 secs it changes from 1 to 0.8 i.e it changes from 1000 to 800W/cm^2 and at about 0.6 sec it changes from 0.8 to 0.6 
i.e from 800 to 600 W/cm^2. The imulation results is seen in the form of I VS V characteristics and in the form of P vs 
V characteristics. 
 
4.1.2 IV Characteristics 
Where Y- axis is I and X- axis is V also  A=100%, B=80%, C=60% intensity  

 
Fig 16 I V characteristics 

4.1.3 PV Characteristics 
Where Y- axis is P and X-axis is VA=100%, B=80%, C=60% intensity 
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Fig 17 PV Characteristics 

 
We obtain our model parameters as below 

 
Table 2 Obtained parameters of solar panel 

 
 
Voc i.e the open circuit voltage is obtained as 21.8 volts and a short circuit current of 3.11 A is obtained when the solar 
irradiation is 1000W/cm^2 and there are 36 cells connected in series and 1 cell  connected in parallel. The voltage at 
maximum power is obtained as 17.44v and the power at maximum power is obtained as 50w. 
 
4.2 Maximum Power Point Tracking 
For the given input of signal builder as shown in figure 15 the maximum power point is successfully tracked . 
 

 
Fig 18 MPPT output 

At 0.3 sec the irradiation is dropped from 1000W/cm^2 to 800W/cm^2, so the maximum power is reduced from  50w 
to 40w and at 0.6 sec  the maximum power is reduced from 40w to 30w. This MPPT successfully tracks the power 
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according to the variation in the irradiation of the solar panel. Hence MPPT is working properly. Also a constant output 
voltage is obtained i.e 51.53 volts which is given to charge the battery and the loads. 
4.4 Complete Circuit Simulation with Battery Storage 
4.4.1 Signal builder to change the solar irradiation input to the solar panels 
 

 
 

Fig 19 Variable Signal Builder Input 
 
As shown in figure. This is the screenshot of a signal builder. 
The variation in intensities is such that at about 0.23sec the solar irradiation is decreased from 1000W/cm^2  to 
200W/cm^2 and again at about 0.32 secs the solar irradiation is increased from 200W/cm^2  to 1100W/cm^2 .The 
results of this change in irradiation on the battery charging and discharging is as shown below. 
 
4.4.1 Maximum Power Point Tracking 
For the given input of signal builder as shown in figure 5.1 the maximum power point is successfully tracked . 
 

 
Fig 20 MPPT Output 

 
At 0.3 sec the irradiation is dropped from 1000W/cm^2 to 800W/cm^2, so the maximum power is reduced from  50w 
to 40w and at 0.6 sec  the maximum power is reduced from 40w to 30w. This MPPT successfully tracks the power 
according to the variation in the irradiation of the solar panel. Hence MPPT is working properly. Also a constant output 
voltage is obtained i.e 51.53 volts which is given to charge the battery and the loads. 
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4.4.2 Battery charging and discharging at a constant load and changing irradiation 
 

 
Fig 21 Battery Charging & Discharging 

 
The upper graph is for charging and discharging characteristics of the battery and the lower graph is for the output 
voltage of the battery. Both the parameters are plotted against time as shown in the figure . Initially solar panel  takes 
time to build up the voltage and power so initilally for about 0.15 secs the load is supplied by the battery, but after about 
0.15 secs the solar panel builds up sufficient voltage as the irradiation at 0.15secs is 1000W/cm^2 and now the solar 
panel is supplying the load and the battery. 
 
Now according to signal builder the solar irradiation is decreased from about 1000W/cm^2 to about 200W/cm^2 at 
about 0.23 secs so at about 0.23 secs the solar panel is not sufficient to supply  the load so the battery is supplying the 
load and therefore the battery is  discharging. At about 0.32 secs according to signal builder, the solar irradiation is 
increased from about 200W/cm^2 to about 1100W/cm^2. Now there is sufficient irradiation and the solar panel 
develops sufficient power and sufficient current so as to supply the load and the battery. So solar panel is supplying the 
load therefore the battery is charging. 
 
Now what if the solar panel just has the right amount of power to supply the load current then what happens to battery? 
The answer to this is the battery wont charge and discharge either it will remain as it is. 
The voltage across the battery as seen from the figure remains constant throughout thus no imbalance in voltage is 
encountered. Thus a complete DC nanogrid with a battery storage is simulated. 
4 Realisation of DC Nano Grid: 
As described in the simulation process the DC Nano grid is realised using the following parameters: 
1.Solar Panel of closer to 24 v DC voltage,  
2. Control and protective circuit with heat sink, boost buck controls etc. 
3. Battery 
4. LED lamps 
Using the components For a variable voltage of solar panel the voltage across the load was 18v and above for various 
illumination of solar panel. 

 
Fig 22 Realisation of DC Nano Grid 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 6, Issue 7, July 2017              ISSN 2319 - 4847 
 

Volume 6, Issue 7, July 2017                                                                                               Page 51 

 
 

Fig 23 Dc Nano Grid thro Battery 
6.CONCLUSION 
Solar PV model is successfully simulated obtaining its IV and PV characteristics with changing irradiation.Maximum 
Power Point Tracking (MPPT) of the PV panel is successfully simulated for changing irradiation. Battery Storage is 
successfully charged and discharged with changing irradiation and the simulation is obtained. A simple model of DC 
Nanogrid is successfully realized with Solar panel , Battery Storage and DC Load. 
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