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ABSTRACT 
 

India along with the world is facing an ‘Energy Crisis’. There 

is a significant gap in the demand and supply for electricity. In 

order to meet this situation, a number of options are being 

considered with a large focus on renewable energy research & 

development. Solar energy is the idle solution amongst the 

plethora of renewable energy sources available. Solar energy 

can be used to meet the demand for electricity with the help of 

photovoltaic systems. One of the major constituents of a 

photovoltaic system is the photovoltaic modules, also called 

solar panels, which help convert the energy obtained from 

sunlight into electricity. Photovoltaic System installations 

across the globe have accelerated dramatically in the past but 

at the same time are facing the challenges like land scarcity 

and solar irradiance. The proposed system focuses on 

increasing the number of solar panels installed to generate 

electricity within a building without modifying the existing 

resources. Apart from harvesting solar energy from the panels 

installed on the roofs, the same can also be done using 

windows and hence eliminating space scarcity. The proposed 

system consists of solar panels embedded on window blinds. 

The system aims to automatically track the sun’s position 

throughout the day. The position of the solar panels attached 

to the blinds is adjusted to optimal angles to generate 

electricity. The obtained energy is then stored in a battery and 

further converted to alternating current for various 

applications. 
 

Keywords⸻ Renewable Energy, Solar Energy, Photovoltaic 

Module, Window Blinds 

1. INTRODUCTION 
The continuous prosperity of mankind has persistently increased 

the demand for resources. With the progress in development 

because of technology, the requirement for energy is also 

escalating. For the longest time, different forms of non-

renewable energy were relied upon. Apart from being limited, 

these forms of energy also harm the environment to a great 

extent. To overcome this, in the recent past, the research and 

development of renewable energy have been garnering fast 

popularity. The options considered are solar energy, biogas, 

wind energy, geothermal energy to name a few. The first and the 

easiest way to generate electricity is using Solar Energy. This is 

so because solar energy is a limitless energy source that is 

enough to meet the whole world’s energy needs and it won’t run 

out anytime soon. It is a cost-effective way to turn into 

electricity with no fuels to burn and no greenhouse gas 

emissions. Solar energy can be harnessed with the help of 

photovoltaic systems. One of the major constituents of a 

photovoltaic system is the photovoltaic modules, also called 

solar panels, which help convert the energy obtained from 

sunlight into electricity. Conventionally, solar panels are 

installed on the rooftops of commercial and residential 

buildings. This leads to the following challenges: 

• Land Scarcity – dedication of land area near substations for 

exclusive installations of solar cells. 

• Solar Irradiance – variable power flow due to fluctuations of 

solar irradiance and temperature affect the power quality of 

photovoltaic systems. 
 

The proposal is to focus on increasing the number of solar panels 

installed to generate electricity within a building without 

modifying the existing resources. Apart from harvesting solar 

energy from the panels installed on the roofs, the same can also 

be done using windows and hence eliminating space scarcity. 

The model aims to overcome negative effects on the 

environment due to the high consumption of electric power by 

developing renewable energy resources [1]. 
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This paper will lay emphasis on the architectural overview of 

different components of the system, methodology, hardware 

design, and description of the system followed by the 

implementations. Finally, the paper commences with the results 

along with the realistic constraints for achieving the same 

followed by the conclusion and scope of extended applications 

of the model. 

 

3. ARCHITECTURAL OVERVIEW 
3.1 Control Panel 

(a) Solar Tracker 

The solar tracker orients the solar panel embedded window 

blinds to optimal angles to obtain solar energy from places 

of maximum intensity. [2] suggests point tracker of the solar-

cell power supply system by the employment of p-n junction 

diodes. These create reference voltage of the operating point 

of the solar array using diodes. High performance in terms 

of solar array point tracking is obtained even in conditions 

of varied light intensity and environmental temperature, 

whereas the proposed system employs a pair of 

photoresistors to calculate the difference in irradiance in 

order to adjust the panels towards maximum intensity [3] and 

[4]. 

 

(b) Microcontroller Unit 

The microcontroller unit is Wi-Fi enabled to control the solar 

tracker, read the angle at which it is oriented at an instance 

and also read the output from the solar panels. These 

readings are then translated to the cloud for monitoring and 

observation. 

 

3.2 Smoothing and Battery Management System 

The smoothing circuit is used to smooth the output power 

obtained from a photovoltaic plant which is fluctuating in nature 

[5] and maintain the output from the solar panel to the desired 

voltage. DC-DC converters of high voltage gain allow the usage 

of low-level Photovoltaic or the sources of battery. The 

converters are both in the bidirectional battery interface as well 

as the forward power stage [6]. The Battery Management 

System (BMS) is employed to monitor the charging and 

discharging of the battery array. The BMS cut-offs the supply if 

the charge reaches the maximum level and if it discharges below 

the threshold. 

 

3.3 Inverter Circuit 

The Inverter converts the direct current (DC) to alternating 

current (AC). It is a converter infrastructure for hybrid AC/DC 

homes powered by solar energy. The topology adapted for the 

proposed system enables single phase single conversion of AC 

power to DC and vice versa, which enhances the efficiency, 

decreases the volume, and improves reliability [7]. 

 

3. METHODOLOGY 
The system’s flow diagram, shown in Fig. 1, comprises solar 

panels embedded on window blinds that gather solar energy 

from sunlight falling on windows and convert it into electricity. 

The sun is tracked by a single-axis solar tracker for the 

generation of electrical energy. It provides more output power 

in comparison to traditional static solar systems. The Solar 

Tracker embedded in the system consists of a pair of Light 

Dependent Resistors (LDR) attached in parallel to each other. 

The difference of readings from the LDR is calculated and based 

on computation the solar tracker turns the window blinds in an 

upward or downward direction to attain the ideal angle of the 

sun’s position.  

 
Fig. 1. System Flow Diagram 

 

Parallelly, the output from the solar panels goes to the smoothing 

circuit that helps reduce fluctuations and maintains the voltage 

obtained from the solar panels at the battery pack’s charging 

voltage. The obtained Direct Current (DC) is stored in a battery 

pack. Battery Management System (BMS) attached to the 

battery pack manages the charging and discharging of the 

battery. The Inverter then converts DC from the battery to 

Alternating Current (AC) to run appliances.  

 

Additionally, the control panel which consists of the Wireless 

Fidelity (Wi-Fi) enabled micro-controller unit controls the solar 

tracker and uploads the data i.e., orientation of the panels and 

output voltage against the time of the day. 

 

4. HARDWARE DESIGN AND DESCRIPTION 
4.1 Control Panel 

(a) Microcontroller Unit: The microcontroller used is the 

ESP8266-12E Wi-Fi Module, a member of the ‘ESP-XX’ 

series. Operating at 3.3V it is mainly used in Internet of 

Things (IoT) applications because of its Wi-Fi capabilities. 

Integrated with a 32-bit microcontroller unit (MCU) coupled 

with its low cost makes it an ideal choice for our controller. 

The main function of the microcontroller in the board, shown 

in Fig. 2, is to take readings from the solar tracker and orient 

the panels in the desired direction and to upload reading 

obtained from the tracker and the solar panel to the cloud for 

monitoring and observation. 

 
Fig. 2. Microcontroller Board 

 

(b) Solar Tracker: The solar tracker is a setup of photoresistors 

placed parallel and hidden from each other, shown in Fig. 3, 

and a servo motor which is responsible to turn the panels as 

instructed by the microcontroller. The setup comprises of 

two LDRs and a servo motor of torque 10Kg-cm as the 

system is based on single-axis (horizontal) tracking. It is 

assembled in a voltage divider setup, the LDRs sense the 

amount of sunlight falling upon them and creates a potential 

difference. This is taken by the analog to digital converters 

(ADC) in the microcontroller and the difference in the 

reading of these sensors is analysed by the microcontroller 

which then controls the pitch and orients it towards the 

direction of maximum intensity to obtain maximum power. 
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Fig. 3. Solar Tracker 

4.2 Solar Panel 

The panels are polycrystalline solar panels of size 99x69mm. Its 

efficiency ranges from 14% - 19% and generates an output of 

6V-180mAh. These panels are arranged in series and parallel 

combinations to generate an output of 12V. Two panels are 

attached in series to generate 12V output and then its replicated 

in parallel to increase the output current as shown in Fig. 4. 

 
Fig. 4. Solar Panel Arrangement 

 

Our system uses this below setup to generate an output of 12V-

1800mAh as shown in Fig. 5. The total area covered by this 

setup is 1.5 sq-ft. 

 
Fig. 5. Solar Panel Setup 

 

4.3 Smoothing Circuit and BMS 

(a) Smoothing Circuit: The output current-voltage from the 

solar panels can vary continuously and the voltage output 

can also be not as required to charge the batteries. To solve 

this problem a smoothing/DC-DC or converter/booster 

circuit is added. This circuit takes care of the voltage 

fluctuations and boosts the voltage to the required value if 

the output voltages of solar panels go down. In our case, the 

required output from the panes is 12.6V - 13V and the solar 

panel array is also designed to give the same but in certain 

environmental conditions, the output can be as low as 5V. In 

such a situation the batteries cannot be charged using 5V and 

the voltage needs to be boosted to 12.6V. 

(b) Battery Management System (BMS): The battery used is 

an 18650 lithium-ion cell pack, Fig. 6, with each cell of 3.7V 

that can be charged safely to 4.2V and can be discharged to 

2.9V. The total voltage of the battery pack is 12.6V. These 

batteries are potent that’s why they need to be charged and 

discharged very carefully so that they will not get damaged 

and the life cycle of batteries can be increased. For all these 

and for constant current and constant voltage charging a 

battery management system is needed. Our system uses a 

Metal Oxide Semiconductor Field Effect Transistor 

(MOSFET) based battery management system which takes 

care of over charge protection, over discharge protection, 

and overcurrent protection. The one used in the setup is a 3S 

20A BMS, Fig. 7, i.e., it can handle three batteries connected 

in series. The batteries can be connected in parallel to 

increase the capacity. 

 
Fig. 6. Battery Pack 

 
Fig. 7. Battery Pack with BMS 

 

4.4 Inverter Circuit 

The inverter circuit, Fig. 8, is based on CD4047, a low power a 

stable/monostable multivibrator which with a combination of 

resistors and capacitors produces a pulse train at 50Hz or at a 

time period of 20ms. This actuates the MOSFET pairs in 

opposite directions acting as switches to generate an alternating 

wave of 12V and 50Hz. This output is step-up by the transformer 

in the inverter setup from 12V-50Hz to 220V-50Hz which can 

be used by home appliances. 

 
Fig. 8. Inverter Board 
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5. IMPLEMENTATION 
5.1 Solar Tracking Algorithm 

The algorithm for solar tracking system is depicted by the 

flowchart, Fig. 9. 

 
Fig. 9. Solar Tracker Algorithm 

As the system starts, the readings are taken from the solar tracker 

to get the direction of the sun using the difference in intensity of 

light at the solar tracker. This difference is named "adiff". If the 

"adiff" is 0, it means the solar panels are oriented towards the 

sun and there is no need to rotate the servo. If the "adiff" is 

greater than 0, it means the sun is in the upward direction with 

respect to solar panels orientation, and the servo is rotated in the 

upward direction to match the same. And if the "adiff" is less 

than 0, it means the sun is in the downward direction with 

respect to solar panels orientation, and the servo is rotated in a 

downward direction to match the same. All this is done by taking 

care of the errors due to real-life constraints. 

 

5.2 Smoothing / Booster Circuit 

The smoothing/booster circuit is based on DC-DC switching 

where the main switching component is XL6009 integrated 

circuit (IC). It can be configured in both fixed and adjustable 

mode of output with efficiency up to 94%. The input ranges 

from 3V - 32V and the output is adjustable between 5V - 35V 

with a maximum output current of 4A. In our setup, the circuit 

gets the input from the solar panels which can be fluctuating and 

not enough to charge the battery pack. The circuit boosts the 

input voltage from the solar panel which is in the range 5V - 12V 

to an output of 13.75V which will be used by the BMS to charge 

the battery pack. The output voltage does not depend on the 

input our output load but on the resistance R1 and R2 in the 

circuit, Fig. 10. Keeping one resistor at 1k the other can be found 

out using (1). 

 Vout = 1.25(1 + R2/R1) (1) 

 
Fig. 10. Smoothing / Booster Circuit 

5.3 Battery Management System 

It is a 3S 25A 18650 lithium-ion BMS, Fig. 11, the board is built 

to charge 3 separate 18650 cells each connected in parallel to 

increase the battery capacity and connected in series of 3, Fig. 

12, to give an output sum of these 3. 25A means the board can 

handle the maximum current of 25A while charging or 

discharging the batteries. Various protection is provided using 

two IC for 3 cells each, one (HY2213-BB3A) is the charge 

balance IC and the other (HY2210-CB) is the battery protection 

IC. Battery charge balance IC is a 6 pin IC to charge the battery 

with constant voltage and current. It has features like overcharge 

protection, overcurrent protection, with a very low standby 

current of 25uA while charging the battery. Battery pack balance 

IC is very important for 18650 cells as these cells are very prone 

to over-discharge and over-current while discharging. This 6 pin 

IC has pins for current sense resistor and voltage and pins to 

disconnect or connect the loads using Power MOSFETs in 

conditions of over-discharge which is 2.7V, over current 

draining from the batteries, and in the condition of any short 

circuit. The type and number of Power MOSFETs used to decide 

the current capacity of the board depends on the batteries used. 

The battery pack balance IC controls these MOSFETs, one pair 

is used to cut off or release the load in the condition of over-

discharging and one pair is used to cut off or release the load in 

the condition of over current drawing from the batteries or in 

short circuit. 

 
Fig. 11. Battery Management Circuit (BMS) Circuit 

 

 
Fig. 12. 3 Cell Series Placement in BMS 
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5.4 Inverter Circuit 

The inverter circuit, Fig. 13, consists of a low power 

astable/monostable multivibrator - CD4047 IC. This 14 pin IC 

is operating at astable mode and is made to generate a square 

wave of 50Hz using a combination of resistors and capacitors at 

pin 1, 2, and 3 using (2). The two resistors connected to pins 10 

and 11 of the IC restrict the MOSFETs to undergo loading of the 

IC. This 50Hz square wave signal is sent through pin 10 and 11 

in opposite directions to the MOSFETs, which acts as a switch. 

The square waves trigger the MOSFETs at a rate of 50Hz and 

the MOSFETs in turn power the transformer. The output from 

the MOSFETs is a 12V, 50Hz AC. The transformer steps up the 

voltage to 220V 50Hz AC, which can be used by home 

appliances. 

 Frequency, f = 1/ (4.40 * R * C) 

 

(2) 

 
Fig. 13. Inverter Circuit 

 

5. RESULT 
The aim of designing a smoothing circuit to smooth fluctuating 

DC from the solar cell due to solar irradiance, temperature, and 

some other parameters as well as employment of a charging 

circuit with intelligent BMS was accomplished. 

 

 
Fig. 14. Boosting 7V to 12V 

 

 
Fig. 15. Boosting 11V to 12V 

 

As depicted in the Fig. 14 and Fig. 15 for any input, barring the 

initial fluctuation due to supply, fluctuations are minimized and 

a constant voltage of 12V is maintained. Furthermore, the 

incorporation of an inverter capable of converting the stored DC 

to 220V 50Hz AC for home appliances was realized. 

 

Fig. 16 and Fig. 17 are the results obtained by the software 

simulation of the inverter circuit. In Fig. 16, three waveforms 

coloured in green, pink and yellow are observed. The waveforms 

coloured green and pink represent the output without the 

application of a transformer. Since the MOSFETs are 

alternatively triggered by the astable multivibrator, therefore an 

alternating waveform is obtained which is depicted by the green 

and pink coloured waveforms. These alternating waveforms are 

then stepped up by the transformer to 220V 50Hz AC, 

represented by the waveform coloured yellow. Fig. 17 is a 

representation, in the form of a graph, which focuses more on 

the input from the battery pack and the resulting output obtained 

from the inverter at different instances of time. 

 

 
Fig. 16. Inverter’s output before and after Transformer 

 
Fig. 17. Inverter Output 

 
Fig. 18. Inverter’s Output in DSO 

 

For an input of 12V obtained from regulated power supply, an 

output of 220V 50Hz is observed in a digital storage 

oscilloscope (DSO), as shown in Fig. 18. This was followed by 

design and implementation of a low power solar tracker and 

controller. Finally, of all the above was successfully integrated 

in a single system and installed on a structure of solar panels 

embedded window blinds, Fig. 19. Fig. 20 shows the completely 

integrated system powering a Table Lamp. 
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Fig. 19. Integrated Structure on a Window 

 

 
Fig. 20. System powering a Table Lamp 

 
The readings from the functioning system were recorded over a 

day and sent to the cloud and the data obtained was plotted on 

three graphs: 

• The angle at which blinds are oriented over the duration of a 

day is shown by Fig. 21. 

• The voltage output from the solar panel over the duration of 

a day is shown by Fig. 22. 

• The current output from the solar panel over the duration of 

a day is shown by Fig. 23. 
 

 
Fig. 21. Angle vs. Time 

 
Fig. 22. Voltage vs. Time 

 

 
Fig. 23. Current vs. Time 

 

The readings from our proposed structure were compared to 

the rooftop installed solar panels for voltage, Fig. 24, and 

current, Fig. 25. 

 
Fig. 24. Comparison of Voltage Output 

 
Fig. 25. Comparison of Current Output 
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7. REALISTIC CONSTRAINTS 
The applications in real world are not an outcome of ideal 

conditions. Solar panel is also one such application. 

• The output from any solar panel is not constant to its rating 

(12V) and can vary continuously depending on the climatic 

conditions. This lowers the voltage output from the solar panel 

and hinders the working of the system dependent on it. 

• One should be very careful while working with 18650 lithium-

ion cells as they are very powerful and extra care and 

protection while operating. For instance, the maximum and 

minimum voltage that the batteries can be charged or 

discharged up to, if one exceeds these limits the battery can get 

damaged or even explode. 

• The energy stored in batteries should be converted to 220V 

50Hz AC having pure sine wave without any noise and with 

minimum loss of energy. The inverter should be able to fulfil 

the current demand without reducing the output voltage. 

• Minimize the overall size of the system. 

 

8. CONCLUSION 
In this paper, we have introduced a model to overcome the space 

restrictions faced during the installation of photovoltaic modules 

on the rooftops of commercial and residential buildings. In our 

work, the idea is to replace the conventional windows with 

window blinds that are embedded with solar panels and a tracker 

system without modifying the functionality and definition of a 

window. We have also introduced an algorithm for the solar 

tracker to track the sunlight. The solar tracker is of low cost and 

consumes less power but provides accurate results. The 

efficiency of our system is in the range of 14% to 19% which 

resonates with the efficiency of traditionally installed solar 

panels during the time period for which the solar panels are 

facing the sun directly. The total area covered by the prototype 

is 1.5 sq-ft producing an output of about 22W, therefore if the 

model is built to the size of a conventional window pane which 

covers an area of about 10 sq-ft, the model would be able to 

generate an output of about 100-150W. The objective of the 

project is not to replace the existing solar panels installed on 

rooftops but to provide an addition to it, remove the space 

scarcity issue and hence generate more electrical energy. 

 

9. EXTENDED AND FUTURE APPLICATIONS 
The proposed model can be further developed by incorporating 

a number of functionalities. Incorporation of curved solar panel 

structures may be used so that requirement of solar tracker is 

eliminated. The proposed design is for indoor use. Future 

versions may be capable of outdoor use. Employment of 

Maximum Power Point Tracking (MPPT) may be done to 

convert excess voltage into amperage. An additional capability 

of room temperature maintenance which can help maintain the 

room temperature at the desired temperature developing an 

algorithm that turns down the window blinds so as to arrive at 

the desired temperature [8]. An automatic cleaning feature [9] 

which can reduce human efforts can be integrated with the 

model as an extended application to enhance the user 

experience. 
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