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Abstract 

More than 1.1 billion people lack access to electricity in the world, among them 600 million are in 

sub-Saharan African countries. The socioeconomic life of the rural communities is highly affected 

by electricity supply. The demanding Interest for growth and development in developing countries 

led to a renewed interest of solar lights. Liter of night light is a solar powered light that is 

constructed from waste plastic bottles which lights up the rural community. This paper is about 

experimental analysis of liter of night light for potential use in rural electrification. The technology 

uses environmental friendly and locally available materials. The system is provided with battery 

storage, which allows it to operate for 13.5 hours continuously at full charge. Solar radiation is 

converted by PV solar panel to electric current. Circuit board is developed and fabricated to 

regulate and deliver consumable amount of voltage by the rechargeable lead acid battery. After 

testing five different solutions, the study found out that vinegar solution as the optimal solutions 

for the technology that can deliver 27lux of light to the surrounding. Simultaneously the study 

found out, that the light that is emitted from the bottle bulb is a function of volume, depth and 

solution type. And for this relationship curves are developed. And, the technology can be used for 

rural communities as it is.  

Keywords: Liter of light, Experimental Analysis, LED  

1. Introduction  

According to[1] efforts to promote electricity access are having a positive impact in all regions, 

and the pace of progress has accelerated. IEA’s analysis shows that the number of people without 

access to electricity fell to 1.1 billion people for the first time in 2016, with nearly 1.2 billion 

people having gained access since 2000. The same report tells that there are still more people 

without electricity today than there were in 2000. From this it is understandable that electrification 
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growth is much slower than the population growth. The report also mentioned that 14 % of the    

population still lacks access to electricity, 84% of which live in rural areas. 

According to [2]  combustible renewable resources (biomass, animal wastes, municipal and 

industrial wastes) largely dominate energy consumption in Africa. The same study mentioned, 

energy from biomass accounts for more than 30 percent of the energy consumed and more than 80 

per cent in many sub-Saharan countries. 

[3] Said that Sub-Saharan Africa, home to more than 950 million people, is the most electricity-

poor region in the world. More than 600 million people lack access to electricity, and millions 

more are connected to an unreliable grid that does not meet their daily energy service needs.[4] 

reported  that for the millions of people living in remote rural areas of Ethiopia who lack access to 

the power grid or cannot afford electricity, therefore, relaying solar energy appears as an option 

and hope for the rural community . Instead of relying on kerosene, candles, dry cell batteries and 

other fossil fuel-based sources of power.  

[5] said that, liter of night light is as simple as a plastic bottle filled with water and integrated with 

small LED light powered by small PV panel could mean the difference between light and darkness. 

the almost no cost solution is uplifting the quality of life of thousands of impoverished families in 

the Philippines who have no access to electricity and use dangerous kerosene lamps indoors.  

[6] unexpected high growth in the renewables market, in terms of investment, new capacity and 

high growth rates in developing countries have changed the landscape for the energy sector. The 

report states that the growth of renewables market contributed to falling prices and the increased 

decoupling of economic growth and GHG emissions. Due to this decoupling most countries have 

achieved a more diversified energy mix with a growth in community ownerships and an evolution 

of micro grids. According to [7] the pursuit of clean energy is at the heart of world’s aspirations 

for a better future, as reflected in the 197 countries that have signed up to the Paris Agreement on 

Climate Change. As clean energy is moving from fossil fuels to renewable sources such as solar 

and wind is key to achieving social, economic and environmental development. Therefore, clean 

energy is a big concern for socioeconomic and environmental development. [8] Sub-Saharan 

nations are facing a lot of challenges for the planning of their future energy sector, especially the   

rural areas of Sub-Saharan nations are victims of scarcity of energy and this is due to lack of grid 

facilities, less financial and technical support, pressure from foreign institutions, excess of energy 
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export. This all factors forces the rural community to relay on fossil fuels, but solely depending on 

fossil fuels will affect the life the rural community. 

[9] said that due to energy, poor households suffer from a wide range of impacts, from increased 

risk of premature death due to indoor pollution to forgone productivity gains and lower quality of 

life.  The same report outlines that on top of these impacts, energy-poor households must spend a 

greater proportion of their income to meet their basic energy needs. The rural community also 

sacrifices their time on engaging in energy intensive tasks than do wealthier households who have 

access to modern energy sources. Therefore, relying on fossil fuels have got socio economic and 

environmental impact. 

According to [10] the open flame of kerosene lamps also poses as an obvious danger to households. 

Moreover, impoverished families spend up to half of their income on kerosene which not only 

provides inadequate illumination but also emits extremely harmful black carbon into the Earth’s 

atmosphere. Kerosene lamps contribute to a vicious cycle of poverty that needs to be broken. 

[11] said that rural electrification was not considered as a basic human need like water and food in 

the past. A number of recent studies provide insight into how rural electrification helps in the 

betterment of rural society in various ways. [12] studied that rural electrification results great 

benefits such as improvements of health facilities, better health from cleaner air as household 

reduce use of polluting fuels for cooking, lighting and heating, improved knowledge through 

increase access to television and better nutrition from improved knowledge and storage facilities 

from refrigerator. 

[13] by increasing access to affordable lighting, communications and refrigeration, improved 

public health, and energy for productive activities, renewable energy systems offer an 

unprecedented opportunity to accelerate the expansion of energy access in remote and rural areas 

while at the same time contributing to the transition to modern energy services. Renewable energy 

can expand access to modern energy services in developing countries, both rapidly and cost 

effectively. Therefore, renewable energy is the only solution that can fill the gap. Among all 

renewable energy sources solar energy is the one to be considered for the rural communities as it 

can be used in a very small-scale application. 

[14] said that that solar power is the conversion of sunlight into electricity.  So, today, World is 

facing so many problems such as pollutions, water for drinking purpose, food problems, and 

electrical. yes, electricity problem is one of the major problem which is increasing rapidly day by 
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day. (Mr. Bhawar Tushar,2016) said that in developing countries there isn't much source of 

electricity. Hence to use solar as largest source of energy one can build own solar based light bulb 

without any electricity cost. Many people do not have access to light or cannot cover the cost for 

electricity. Thus, they do not have light in their homes, even during the day. According to [15] 

everybody knows the importance of Solar Energy in today life. It is ultra clean, natural and 

sustainable source of energy that can be utilize in use of making solar electricity, solar heating 

appliances, solar lighting appliances and many more. The benefit to the local community above all 

is access.  

According to [16] Liter of Light (Night) began by using the database of households with the 

daylight bottle bulbs in their roofs, the study mentioned that the technology upgrades 1-watt 

($10/unit) or 2-watt ($15/unit) LED, with   Pv solar and integrating with  battery which would give 

another 10 hours of light at night. The study also mentions the system composure; as a simple 

circuit panel, drill and soldering, the night solar LED light is built and inserted into the already 

installed bulb. 

[15] tried to study and compare the performance of liter of light with regular electric bulb, they 

said that the performance of the average brightness of solar bottle bulbs is almost similar to the 

conventional 40-Watt bulb. They have used for experimentation a single type of solution which is 

a soda bottle solar light. Though, they have made the comparison they don’t put results in figures. 

Their study was limited only on a single solution and their results were not numerically available, 

therefore this reduces the trust of their research. 

[17] studied on the critical view of solar bottle bulbs, and mentioned that, despite the positive 

aspects of solar bottle bulbs, peoples are not believing the ability of the technology to provide 

lighting, they said that this confusion is because of ; as there were no published experiments 

providing precise data regarding the performance and characteristics of light produced by these 

bottles, therefore there should be a study which can amend the people by justifying the 

performance of the technology. [18] studied the performance of solar bottle bulbs at different 

interior exposure levels. They said that different sizes and arrangements of solar bottle bulbs affect 

the lighting delivered and there is no general agreement on the best interior bottle exposure levels. 

From their study, they found that in terms of bottle exposure levels, the half level of the bottle 

performs best. But they were not capable of finding the parameters affecting that the best level to 

be at the middle of the bottle, they don’t have studied that this property is for all solutions are for 
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specific type of solutions. Though, many have tried to study the technology, none of the studies 

have tried designing the system in engineering way, only water have been used as a working fluid 

of the system, the impact of other fluids is not studied, the positioning of LED light in the system 

is arbitrary, its right position to give maximum possible amount of refraction from the system not 

studied and Depth, volume, solution type effect on the light refraction is not studied. 

Therefore, all the mentioned gaps of the technology and the socioeconomic, health impacts of 

other technologies should be addressed. The solution for all mentioned limitations and gaps is 

having experimental analysis on liter of night light for better efficiency, that is why this study is 

very important. 

2.Methodology  

2.1 Solar Panel Selection 

The solar panel collects the solar radiation from the sun and hence it is PV (photovoltaic); it 

converts the solar flux to electrical energy. There are three different types of solar panels: 

monocrystalline, polycrystalline and amorphous  

For this purpose, Study, it is must to select the appropriate type of solar panel with best efficiency.  

Therefore, it is must to set criteria’s 

Criteria’s to Select Solar Panel Type  

Hence, selecting the appropriate type of solar panel is very important. Therefore, selecting 

criteria’s which affect the systems efficiency and finance is must and cost, efficiency, Size and 

weight of the panel are selected as comparison criteria’s  

Multi Criteria Decision to Select the Solar Panel 

In order to go through comparison, the criteria’s must be weighted. The criterions are weighted 

using analytical hierarchical process (AHP) since the problem is decision making under certainty. 

The first step in AHP is determining the relative weights to rank the decision alternatives. Since 

there are 4 criteria’s, a 4 by 4 pairwise comparison matrix A should be developed. Matrix A 

indicates the relative importance of the different criteria.  

 Cost Efficiency Size Weight 
Cost 1 1 3 5 

Efficiency 1 1 5 5 
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Size 1/3 1/5 1 2 

Weight 1/5 1/5 ½ 1 
 

To normalize the weights, the sum of each column is divided by the corresponding sum of each 

column. Then the normalized matrix 𝐴̅ is given by 

𝐴̅ = [

0.395
0.395
0.130
0.200

 

0.417
0.417
0.083
0.083

 

0.316
0.526
0.105
0.053

 

0.385
0.385
0.154
0.077

] 

Then, the weights of the criterions are found by taking the average values of each row as per AHP 

decision making process rules. And the weight matrix is given by; 

𝑊𝑇 = [0.37,0.43,0.12,0.08]𝑇 

Using the weights given in the transpose matrix the comparison has been made in the following 

table and the appropriate solar panel type is being selected based on the weight calculated for the 

criterions. 

Table 2.1: Multi criteria decision for the solar panel selection 

 

Solar panel 

Types 

Criteria’s Total 

Percentage 

(100%) 

Cost 

(37%) 

Efficiency 

(43%) 

Size 

(12%) 

Weight 

(8%) 

Monocrystalline 25 43 12 8 88% 

Polycrystalline 32 32.5 8 8 80.5% 

Amorphous 37 17.2 6 3.2 63.4% 

Therefore, based on the comparison monocrystalline solar panel is selected for the system. 

2.2 Capacity of The Solar Panel 

It is obvious now there are so many technologies in which LED lights are powered by solar power, 

as this project tries to find a way in which small solar panels to power small LED lights and then 

to refract the light using water to get large lux. Therefore, a monocrystalline solar panel with 3-

Watt power and 8.97 volts is selected, as this sized solar panels are most common in the local 

market of Ethiopia. 

2.3 Solar Battery sizing 

Depending on the solar panel solar battery manufacturers catalogue: for 8.97V solar panel it is 

recommendable to use 6V rechargeable lead acid battery. 
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2.4 Solar Battery Charging Circuit Design 

Figure 2.1 shows that the charging current passes to LM317 voltage regulator through the 1N4001 

Diode. The output voltage and current are regulated by adjusting the adjust pin of LM317 voltage 

regulator and then the battery is charged by the same current. LM317 Voltage regulators are always 

connected to R1 (240Ω) as shown in figure 2.1 below therefore, other resistance Values (R2 and 

R3) are determined depending on the output voltage required by battery. 

 

Figure 2.1: Charging Circuit 

2.5 Operation Principle of Charging Circuit 

According to principle of photovoltaic effect, the solar panel receive solar radiation during day 

time and convert it to electrical energy, as solar power varies with hours of the day, the voltage 

generated by the PV panel is not always constant. The battery should be supplied with constant 

voltage for charging, to do this LM317 voltage regulator is used and this regulator regulates the 

voltage generated by the PV panel to consumable amount by the battery. To protect the PV panel 

IN4001 diode is used, which allows current to flow in forward direction only. 

2.6. Charging Current 

The charging current which is the right current to charge the battery is calculated as follows: - 

𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 =
𝑆𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙 𝑊𝑎𝑡𝑡𝑎𝑔𝑒

𝑆𝑜𝑙𝑎𝑟 𝑃𝑎𝑛𝑒𝑙 𝑉𝑜𝑙𝑡𝑎𝑔𝑒
= 0.35𝐴           (1) 

Here LM317 voltage regulator can provide current up to 1.5A. Therefore, it is recommendable to 

this voltage regulator for the circuit developed above as the charging Current is below 1.5A. The 
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battery selected requires maximum of 1.35A, from calculation the initial current is 0.35A which is 

much less than the maximum and it remains safe.  

2.7 Charging Time 

𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑎𝑚𝑝𝑒𝑟 ℎ𝑜𝑢𝑟

𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝐶𝑢𝑟𝑟𝑒𝑛𝑡
=

4.5𝐴ℎ

0.35𝐴
= 12.85 ℎ𝑜𝑢𝑟𝑠    (2) 

The effective hours per day is 9 hours. Therefore, for the battery to be fully charged it takes 1.4 

day.  

2.8 Power Dissipation  

Here the solar panel has 3 watts, the charging current was calculated in equation (1) above. 

Therefore, the power going in to the battery will be: - 

𝑝𝑜𝑤𝑒𝑟 𝑔𝑜𝑖𝑛𝑔 𝑖𝑛 𝑡𝑜 𝑡ℎ𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 = 𝑜𝑢𝑡𝑝𝑢𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 × 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑐𝑢𝑟𝑟𝑒𝑛𝑡           (3) 

𝑝𝑜𝑤𝑒𝑟 𝑔𝑜𝑖𝑛𝑔 𝑖𝑛 𝑡𝑜 𝑡ℎ𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 = 8.97𝑉 × 0.35𝐴 = 2.12 𝑤𝑎𝑡𝑡 

2.9 Back Up Time of the Battery 

𝐵𝑎𝑐𝑘 𝑢𝑝 𝑡𝑖𝑚𝑒 = 𝑤𝑎𝑡𝑡 ℎ𝑜𝑢𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑟𝑦/𝐿𝑜𝑎𝑑               (4) 

The total power of the LED light is about 1.5watt, which is the load 

Therefore,𝑏𝑎𝑐𝑘 𝑢𝑝 𝑡𝑖𝑚𝑒 = 4.5𝐴ℎ ∗
6𝑉

1.3𝑤𝑎𝑡𝑡
= 13.5 ℎ𝑜𝑢𝑟𝑠 

Assuming an average consumption of night light in the rural community to be 4 hours per day 

therefore, the system will run for 3.4 days. 

 2.10 Design of lighting circuit 

Here below a single resistor and load is added to the charging circuit. Hence the battery selected 

is with capacity of 6V/4.5Ah. Therefore, the circuit looks like as follow with 1.5-Watt LED light 

load. 
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Figure 2.2: Lighting circuit 

2.11 Working Principle of Liter of Night Light 

 

Figure: 2.3 Schematic Diagram of Liter of Night Light 

The solar radiation is collected by PV solar panel, and the PV panel generates electric current. This 

voltage and current from the solar panel are regulated to consumable amount by the battery in the 

charging circuit. the electrical energy stored in the battery is regulated by the lighting circuit and 

delivered to the LED light inside a solution. This LED light is further refracted by the solution, 

and this depends on the type of solution used. 

2.12 Experimental Setup  

The experimentation was made in Ethiopian conformity assessment agency laboratory in a black 

room designed for lux measurement. The room area is about 9m2 and for measurement the bottles 

are hanged two meters from the ground. The test was conducted using lux meter at 1-meter height 
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from the ground. When measuring light using lux meter one should be aware of this, and it is 

mainly to deal with the fact that different wavelengths of light are not sensed equally by human 

eye. If all the wavelengths of contained the same intensity, the lux reading would be same but 

humans see more light of certain color and may say brighter but this is not always true. The 

materials used are: Lux Meter, Five 1-liter Pepsi plastic bottles, Black room (3m x 3m x 3m), 

Concentrated Salt Solution, Concentrated Sugar Solution Concentrated Sodium Bicarbonate 

Solution, Bottled Water and 5% Vinegar Solution In water 

3. Results and Discussions 

3.1. Experimental Results for LED Lights 

In order to compare the effect of the solutions 1.5-Watt LED light that has been tested. Accordingly, 

the amount of lux delivered by the LED light in the black room is measured to be 7.4 lux. Another 

light that has been tested is 7w alpha power emergency light. This bulb is rechargeable bulb and it 

was charged fully before the experiment. And, the light intensity measured is 19.3 lux. 

3.2. Experimental Result for Liter of Night Light 

3.2.1. Solution Type Vs Light Intensity 

For experimentation 5 different solutions have been used. And the solution effect on the amount 

of light is studied by testing all the solution at specific heights. 
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Figure 3.1 Light intensity Vs Solution Type 

 Figure 3.1 tells that vinegar solution light intensity increases with depth increment, also the water 

solution does the same, but the rate at which both solutions light intensity increment is different. 

For the same height increment both solutions should go in the same rate of increment but they 

didn’t. Again, looking at salt, sugar and sodium bicarbonate solutions we can understand that they 

behave in different manner when compared to water and vinegar solutions. Therefore, the solution 

type has its own impact on the amount of light released out from the system. Finally, Vinegar 

solution is selected to be the best out of the tested solutions. 

3.2.2 Volume of the Solution Vs Light Intensity 

Figure 3.2 tells that as the volume varies the light intensity also varies and it is possible to say from 

the curves that light intensity is a function of volume. Hence, the light intensity is volume 

dependent, therefore the right volume amount for each solution should be determined. From Figure 

3.2   the following best volume amount for each solution are found: The best volume for salt, Sugar, 

Sodium bicarbonate, bottled water and vinegar solutions are: 340cm3, 350cm3, 360cm3 ,565cm3, 

and 580cm3 respectively. 

 

Figure 3.3: Volume of Solutions Vs Light Intensity 

3.2.3 Solutions Depth Vs Light Intensity 

Based on the figure 4.13 it is obvious to select the height as function of the solution to get best 

luminance out from the system. for each solution the best height is selected based on the 

experimental data. And the best depth of the solutions is listed below: -The best depth for the salt 
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solution is around 8cm, for the sugar solution is around 8cm, for the sodium bicarbonate solution 

is 8cm, for bottled water is 12cm and for for vinegar solution is about 12cm. 

 

Figure 3.3: Solution Depth Vs Light Intensity 

 

3.2.3. Selection of Best System 

hence, our main target is selecting the best solution, with optimum volume and depth, the vinegar 

solution becomes the best out of all and its best volume is 580cm3 and the LED light should be 

employed to these volumes about height equals 12cm.  

for the system once, the volume and the height are given, it is not difficult to get the radius of our 

system, but in this case the radius is about 7.64 centimeters.  

3.2.4. Comparison of LED lights Intensity with the optimal liter of light 

Table 4.3: Comparison table LED lights with liter of night light technology 

S.no. Name of the light bulb Intensity 

(lux) 

Rank 

1 LED light used for liter of 

night light 

7.4 3 

2 7W alpha power emergency 

bulb 

19.3 2 

3  Vinegar solution liter of 

night light 

27 1 
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From the table above the vinegar solution liter of night light is much greater than the source LED 

light and the alpha power emergency light. Therefore, it is very crucial to employ this vinegar 

lights to the community. 

3.2.5. How to Use Vinegar Solution Liter of Night light level for 9m2 room 

According to Panasonic standard of light amount in Appendix A6, the recommended light level 

for a living room is about 50 Lux. But the vinegar solution delivers 27 Lux only in a 9m2 room. 

Therefore, installing two vinegar plastic bottle bulbs will solve the problem. Concluding, for 9m2 

room two vinegars solution bottle bulbs can glow the light amount specified by Panasonic 

standards. 

4.Conclusions 

The goal of this thesis was to select best liter of night light system by performing experimental 

analysis. To get ready our system for experimentation the electrical circuit has been designed, and 

then suitable materials for the technology are selected. The system was developed by assembling 

all materials as per the design and experimentation was performed. After experimentation, the 

results have been recorded and analyzed and on the following conclusions are found. Firstly, 

almost all PV systems are controlled by charge controllers, but this system is controlled by LM317 

voltage regulators these increases the easiness of the technology. Secondly, the liter of night light 

technology is dependent on the solution used to refract the light out from it. Five different solutions 

are tested and five of them have shown different capacities of refracting light. In methodology 

section it was believed that solutions with higher refractive index will refract light in better way 

than solutions owning lesser refractive index. But, the situation after experimentation explains how 

the premises was wrong as vinegar which is with much lesser refractive index than Salt and Sugar 

solutions becomes the best solution. Therefore, there should be other properties that are not studied 

in this thesis. Thirdly, it was found that the amount of light refracted from the system is a function 

of the depth, volume of the solution. These relationships vary from solution to solution, Salt and 

sugar solutions operate good at a depth of 8cm in 7.64cm container. While Vinegar and bottled 

water function good at a depth about 12cm in the same container. It was able to find an equation 

that explains the relationship between Lux and Volume, and also Lux and Depth of the solution.  

Fourthly, among the tested solutions vinegar solution has been found to be best, even that the LED 

light should be employed in the appropriate depth and volume unless it will not give the desired 

amount of light, Fifthly, the vinegar solution based liter of night light is much better than alpha 
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power 7watt Emergency light which is now in controlling the market. So far it has been done a 

strained effort on the project; It is recommended that to study the shape factor of the solution 

container and using the technology as per this design is can be a solution rural community’s 

problem. 
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